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Part of the control equipment of a modern dial system—dial telephony’s 
equivalent of a brain. It goes into action the instant you dial a call, selecting 
the telephone you want to reach and directing the switches that set up the 
connection... just as the brain directs the muscular actions of the body. 


ry. 

Lhis question can’t be answered until we 
learn more about the nature of thought. But 
dial telephone systems do simulate many of 
the processes of the human brain. For ex- 
ample, when a number is dialed, Bell’s newest 
switching system — 

COUNTS the dial pulses 
REMEMBERS them 


DECIDES ON the best route to a nearby 
town or across the nation 


BELL TELEPHONE LABORATORIES 


Improving telephone service for America provides careers for creative men in scientific and technical fields. 


TESTS to see if the route is clear 
SELECTS an alternate if the first route is busy 
REPORTS difficulties in circuits. if any 


Today’s automatic switching reflects the 
creative thinking of many scientists and engi- 
neers at Bell Telephone Laboratories. Each 
year your dial telephone is able to do more 
for you. And this is but one phase of the con- 
tinuing effort to keep your Bell telephone 
service the world’s best. 
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From the month’s news releases; publication here does not constitute endorsement. 


Weathercaster 

The Guest Weathercaster is a booklet-instrument de- 
signed for making local weather forecasts. Predictions 
for areas within 30 to 50 mi and times of 12 to 24 hi 
are made by setting each of four concentric circulan 
dials on the front cover of the booklet in accordance 
with present observations, and then referring to tables 
for the forecast. The dials are called the wind, barometer, 
barometer change, and present weather dials. After each 
of these dials has been aligned on the index, a letter- 
and-number This then 
applied to the code tables in the booklet. The code 


a weather prediction key by 


code can be. read. code is 


tables in turn produce 
of 21 


1 of 8 wind velocities 


means of which 1] different weather conditions, 


modified Beaufort scale), and 
| of 8 wind directions are predicted. The instructions 
(suest Products Corp., Dept 


York 16. 


are clear and complete 


SM, 381 4th Ave., New 


Miter Doweling Jig 


\ new doweling jig simplifies the problem of locat 
ing and drilling dowel holes for mitered joints in wood, 


plastic, and light metal stock from 3g to 134 in. in 
width. The jig is made of electric-welded heavy-gage 
steel and is fitted with a centering gage and an adyjust- 


able drilling block that will accommodate up to four 
in. drills. (Gunver Mfg. Co., 
Manchester, Conn. 


per miter with 4 


SM, Hartford Rd., 


holes 


By pt 


Pocket Comparator 


“Pee Gee” pocket comparator, designed for measut 


ing small dimensions, has a six-power lens. ‘The body 
is made of clear molded Lucite, and the adjustable 
lens barrel and reticle retainer ring are made. of 
machined aluminum. Several reticles are available 
scales” for measurements from 0.0025 to 0.5 in. in 
steps of 0.0025 in. and 0 to 10 mm in steps of 0.2 mm; 
‘radii,’ 1/16 to 3% in. in steps of 1/32 in.; “angles,” 
0° to 90° in 5° increments; “threads,” threads pet 


i h: thic kness,”’ QO.002 to O.016 in. in steps of 0.001 in . 


and “diameters,” 0.005 to 0.1 in. and 1/64 to 1/16 in. in 
steps of 1/64 in. (National Tool Co., Dept. SM, 11200 
Madison Ave., Cleveland 2, Ohio. 


Air Filter 


Dustrap filters are designed to clean the hot air in 
hot-air heating systems. ‘They can be installed either in 
the furnace heat pipes or immediately under floor 
registers. A soft metal retaining band is supplied to 


hold the filter in place and seal the opening when the 
filter is installed in heat pipes. The dust is caught by 
a solution on the mesh, and the filter can be washed 
Upstaters, Dept. OO-SM, Penfield, 


for further 


N.Y 


usc, 








\l 
Water Demineralizer 
A new demineralizer with a 4-gal storage tank 
ates automatically. Water flows through a float val 
into the top of a two-section resin column 24 in. n¢ 
After the resin in the upper section is exhausted 
replaced and the column is inverted; thus only hal; 
the resin has to be replaced at one time and wast 
reduced. A flow-control regulator assures that wat 
flows through the resin column at an optimum rat 
Scientific Equipment Corp., Dept. SM, 5438 Low 
\ve., Indianapolis 19, Ind. 
Molded Drawers 
Drawers molded of Bakelite phenolic resin cai 
used in kitchen cabinets, chests, desks, and other art 
of furniture. ‘The drawers have smooth = splinter-f 
surfaces that do not require painting or finishing, ai > 
Real 
they are not affected by moisture, heat, or most che 
cals. A descriptive brochure is available. (Bakelite ( 
News Bureau, Dept. SM, 30 E. 42 St., New York 
Ringstand Microadjustor 
Laboratory workers can use a new rinestand m 
adjustor (Fig. 1) designed by Fred E. D’Amour of 
University of Denver to avoid the difficulty encounter 
in raising or lowering the clamp holding a piece of 
paratus when it is clamped directly to the 1 
stand. The apparatus is clamped to the sleeve of 
adjustor in approximately the desired position; it 1 
then be raised or lowered very precisely by mean 
a knurled thumbscrew. The sleeve is toneued to a 
in the vertical bar so that it cannot rotate. (Phipps at rh 
Bird, Inc., Dept. SM, Richmond, Va. 
(nt 
\ 
Fig. 1 
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M er 


idicating micrometer (Fig. 2) provides visual 


ff measuring In addition, out-of- 


and taper can be determined by rotating or 


pressure, 


e work between the 
(he measuring capacity is | in. and the in- 


eading is in 0.0001 in. Resetting to zero re- 





sec.. and the release button for the movable 
on the right-hand side. (George Scherr Co., 
ept. SM, 200 Lafayette St., New York 12 
s 
Rear-View Mirror 
\ new automobile mirror makes use of a “beam 


ting” technique and a small three-way “gear shift 
duce both The 


surface of the g@lass, the beam splitter, is coated 


glare in day and night driving. 


three microscopic layers. These layers reflect some 
toward the driver and allow others to pass 

h to the rear surface before they are reflected. 

ear shift changes the mirror angle and determines 


er the driver sees a reflection from the front su 

the light 
en filtered by the front surface. (Liberty Mirro: 

1) Libby-Owens-Ford Glass Co., Dept. SM, Bracken 
Pa 


ra reflection from the rear surface afte1 


Electric Paint Remover 


\ new electric paint remover utilizes a metal-en 


d heating element that heats in 90 sec. It incorpo 
. front-end scraping blade and operates from 


Shepherd Ma 
Chatheld Ave 


electric outlets. 
Dept. SM, 15215 


ird household 
& Die Co.. 
eland, Ohio. 


\ntirust Compound 


d-O-Rust, a zine, resin-vehicle coating that is ap 


| by brush, bonds to anv iron or steel surface that 
ry and free from grease, loose scale, tar, and bi 
nous paint. (Industrial Craftsmen, Inc., Dept. SM 
High St... Boston 10, Mass 

Slide Rule Pencil 
sliding-bar slide rule has been built into a new 


t-sized mechanical pencil. The pencil comes in 


models, one with a six-scale slide rule and one 


color, the other with an eight-scale rule and 
Device Development Lo., Dept 


York 14 


riting colors. 


t St., New 


‘ooW. 


anvils while observing the 


Refrigerator Dispenser 


The Jarco refrigerator dispenser consists of a rubber 
fastening 


\ quick push on the top of the rubber bulb 


bulb, a spout, aluminum tube, l-gal jar, and 


de vit c 
liquid 1S 


By pt. 


dispenses approximately 7 oz of whatever 


stored in the jar Jaspe Rubber Products, Inc., 


SM. Box 168, Jasper, Ind 


Lelescope 


Designed for the beginner in amateur astronomy, the 
1'4-in. reflecting telescope with rack 
| 
Lhe 
ror mount, which is adjustable and removable, is housed 


The focal leneth of the 


Palomar, Jr., is a 


and pinion focusing and equatorial mounting mil 


in an aluminum tubs mirror 1s 


15 in., and the instrument is tripod-supported Ed 
mund Scientific Corp., Dept. SM, Barrington 3, N.J 
Burette Support 

\ new white porcelain support stand has been d 
signed especially for laboratory workers doing one 
burette titrations with difheult-to-see endpoints. “Thi 
dimensions of the base are 9 by 9 in. The 7-in. distance 


between the aluminum support rod and the front of the 
base allows room fo. placing vessels on the base | shet 
Dept SM. Forbes St.. 


Scientific Co., Pittsburel 


9, Pa 
Exposure Meter for Photomicrography 


designed tor us 


he - by 2-1 


Microphot Is a new exposure meter 


with photomi rographi equipment. 


barrier-layer ty pe photocell IS completely sealed Lhe 
instrument, which can be used either with a pointer 
galvanometer or an external mirror galvanometer, has 
four sensitivity ranges, two using the full cell and tw 
using a reduced surface. At maximum sensitivity one 
scale division « rrresponds to O.O04 tt-ca Brinkmann 
Instruments, Inc., Dept. SM, 378-380 Great Neck Rd 


Great Neck, N.\ 


Metalworking Lathe 


\ cabinet model | 1-in. metalworking lathe with 24-1 


center-to-center capacity and 1-in. collet capacity 
been ann suunced by Delta I he diametet of the hole 
through the spindle is s in. The machine has a back 
vear shift lever located on the front and continuously 
variable speed from +4 to 1550 rev/min. ( Rockwe 
News Bureau, Dept. SM, 4! N. Lexington Ave., Pitts 
burgh 8, Pa 
Camp Stove 

\ portable camp stove that ut lizes a disposable lique 


fied petroleum fuel tank has been announced 


Lhe unit 
weighs 8) lb and IS packed Wh at 9! 2- by »*/ 2 by ] 3 
that « 


pressure relief valve 


metal carrying case an be used as a windshield 


The fuel tank has a 


self-sealing 


and an auto- 


math nter inlet. No pumping, priming, 01 


warmup is required Purner Brass Works Dept SM 
Syveamore, II] 











A Bausch & Lomb 
Research Microscope 
... Standard of science 
.--.- will help you to: 


1. Eliminate fatigue in prolonged 
observations 


3. See the most detailed images 
known to optical science 


4. Cover the widest range of visual 
and photomicrographic study 


| SYeU ON OF s cas RO) 85) 


SINCE 1853 





RESEARCH MICROSCOPES 














RESEARCH 
Microscope’ 


When your work entails lengthy, intensive exami. 
nation of microscopic specimens, you'll welcome the 
relaxed ease, freedom from fatigue, and appreciable 
savings in time that you enjoy with a Bausch & Lomb 
Research Microscope. Your hand rests on the table for 
strain-free operation of fine focus, stage and substage 
controls. You'll find it easier to orient specimens, even 
in petri dishes, with the graduated, rotatable circular 
stage; easier to locate repeat settings precisely for 


quick future reference. 


When your work requires the most critical possible 
observation—visual or photomicrographic—the com- 
bination of apochromatic objectives, 1.40 N.A. achro- 
matic substage condenser, and compensating eyepieces, 
provides maximum resolution . . . sharpest contrast, 
finest detail .. . for detection of otherwise hard-to-se¢ 
materials and structures. Images are brighter, clearer, 
because all optical elements are Balcoted to reduce re- 
flection and flare, to transmit full illumination. A com 
plete range of eyepieces, objectives, substage equip- 
ment, and stages permits ready adaptation for the most 
difficult specialized studies, with choice of bright field, 


dark field, polarized light or phase contrast. 


See for yourself, in actual demonstration in your 
own laboratory, why you and your work will benefit 


from a Bausch & Lomb Research Microscope. 


Write for demonstration and Catalog D-1010 
Bausch & Lomb Optical Co., 77138 St. Paul St., Roc! 


ester 2, N. Y. 
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‘he United Nations in 


erspective 
JOHN 


Dr. Whitton, 
been a close 


in this country 


B. WHITTON, 


who is assoctate 
y7 
stude nt of international law since 


and in Euro fe D> 


CHARLES G. FENWICK. 
BLOUGH 


BENJAMIN 
GERIG, ROY 


Hrot sor ofr po 
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' 
itics at Princeton University, ha 
1920 and has taught extenstvel) 
; a 
Fenwick taught at Bryn Mawr Co ege fron 


) 


1914 to 1945 and is now director of the departme nt of international law of the 


Pan American 
Lau He is the 
Dr. Geris 


xs 


ship, is director of the O ffir é€ of De pe ndent Area A ffairs 
deputy 
l nited Nations Follow in a 


of State and 
Council of the 


sity of Chicago, Dr. Blough 
Advisers from 1950 
ment of Economic Affairs of the United Nations. The 


Econom 


oe 
of the 


are those 


article ts based on papers presented at the annual 
Acade my of Economics and Politic 7 Sc1e nce 
tional Social Science 
Department of State, Washington, D.C., 20 and 21 


U.S 


Control of the Veto in the United Nations Charter 


HE problem of the veto is the point nevral- 
gique, the crucial problem of international 
Nothing 
world peace more headaches or caused more ink 
How a 


organization. has given students 


flow than this perplexing question. 


ngle negative vote may threaten a great interna- 
mal congress with disaster was shown recently 


th dramatic force when Mendeés-France was pre- 
red to invalidate the London Conference just 


en its success seemed assured. ‘The veto was 


ewise a thorn in the side of the League of Na- 


ns. In 1926 Brazil and Spain by their stubborn 
sition for 6 months paralyzed the efforts of 
to bring Germany in as a 


body permanent 


lary 1955 


Unio 
author 


’ ’ ] 
who has (ong 


authors 


and president of the American Society of International 


standard works in the field of international lau 
on the mandates system and trustee 
of the U.S. Department 
Trusteeship 


period of teaching at the Univer- 


been an authorit) 
representative tf the United States to the 
g 

served as a men ber »f the President's Council of 
1952. He is now principal director of the Depart- 
this article 
t necessarily represented as official. This 
fall sessions of the Nattonal 
Section K, AAAS; and the Na- 
Honor Society. Pi Gamma Mu; at ine 


viewpoints in 


F 
and are mn 


auditorium »f the 


Oct. 1954 


member (/ From the San Francisco Confer- 
ence to the present, the use of the veto in the 
Security Council has been the cause of deep con- 
cern, the center of continuous controversy. Al- 


ready employed no less than 61 times, all but twice 
by the Soviet Union, it has materially reduced the 
activity of that body, as crucial problems are dealt 
with increasingly by outside agencies, notably the 
Assembly. ‘The 
tered relations among the powers, mounting dis- 
the 


General result has been embit- 


friends of 
Some, 


sension, and advocacy, by sincere 


peace, of extreme remedies through law 


antagonized by the U.S.S.R.’s tactics, would even 
go so far as to expel the U.S.S.R. from the United 


Nations, although how this could be accomplished 








over the U.S.S.R. veto has not been explained. 
Others are prepared to establish immediately some 
form of international government or world federa- 
tion of nations. Even those who still believe that 
our best chance is to continue to work for peace 
through the United Nations are making an agoniz- 
ing reappraisal of the entire system of voting in 
the Security Council. This movement has gained 
ground because of the scheduled conference on 
charter revision, now the subject of intensive study 
by both government and unofficial agencies. 

The problem of the veto, however, is not new. 
On the contrary, it has always plagued every move- 
ment to set up over individual states some degree 
of collective control. It is the problem of con- 
the individual 
with the exigencies of collective authority. ‘This 


ciliating demands of sovereionty 
basic difficulty is bound to arise whenever an at- 
tempt is made to establish some superior agency 
with authority to tell the individual subject of law 
what it may or may not do, whether the group 
consists of individuals or of six or 60 states. Long 
ago, within the state, the individual was forced to 
give up his freedom of action. This was accom- 
plished in the general interest as a matter of sheer 
necessity. Otherwise be anarchy, 
Ubi societas thi jus. “Sovereignty,” to use that dif- 


there would 
ficult word, was first given up by the individual 
subject of law in the tribe, the city, the country, 
and the nation-state. The last and final step, the 
establishment 


in the interna- 


tional society, is yet to be accomplished. 


of the rule of law 

That it has taken so long to accomplish this final 
task of international law is the result of many fac- 
tors, which cannot be analyzed here. But, if at- 
tention is fixed on the major undertaking, the 
attempt through international organization to es- 
tablish a system of collective security, certain basic 
difficulties may be perceived, still unsolved, that 
underlie the problem of the veto. At Dumbarton 
Oaks it was believed necessary to endow the great 
powers with spec lal responsibilities and to grant 
them exceptional powers. A voting formula was 
adopted whereby the Security Council could take 
no action without seven affirmative votes, and the 
permanent members were each granted a right of 
veto with respect to all important matters. ‘This 
formula protected the great powers, but it failed 
to assure for the world at large a reliable system of 
collective security. For in any emergency a_per- 
manent membe1 its sole veto could not only 
avoid any obligation of acting itself but could at 
times prevent anyone else from acting. As the 


by 


matter evolved, all decisions made by the Security 
Council require a majority of seven votes. If the 
matter concerned is one of substance, and not of 


74 





procedure, the majority of seven must inclu 
affirmative votes of all five permanent men ibe; 
Here, then, is the rule of qualified majority, oth 
wise known as the veto. 

There are two important exceptions stipulate 
the now-famous Article 27, and there are other 
ceptions set forth in the Four-Power Statemer 
Under Article 27, it is stipulated that for decisiy 
taken under Chapter VI, which is concerned wit 
the pacific settlement of international disputes 
party to the dispute is permitted to vote. But 
course, any recommendation under Chapter \ 
may be vetoed by a permanent member other 1] 


a party. And if in the evolution of the dispute } 


becomes necessary to use force against one of {| 
parties to reestablish peace, the veto applies, ev 
where the aggressor happens to be a great pow 
The latter may veto action against itself. Anot! 
exception is that a party to a dispute may not vot 


when, under paragraph 3 of Article 52, the Secu 


itv Council acts to 


encourage the development of pacific sett 
ment of local disputes through such regional a: 
rangements or by such regional agencies either o1 
the initiative of the states concerned or by 
ence from the Security Council. 


rete | 


In the Four-Power Statement, which has been 
center of much controversy, no individual memb 


of the Council aione could prevent consideratio 


and discussion by the Council of a dispute or situ 
tion brought to its attention. It was also stat 


4 


that the parties to a dispute could not be pr 


vented by veto from being heard by the Council 
The Statement also included the famous ‘‘chain o 
events” theory, of very doubtful validity. An 


move to order an investigation, or to take any oth 
step beyond mere discussion, could well lead 
was alleged, to a situation in which the Coun 


would be called on to order measures of enforc: 


ment. Here, unless unanimity was assured at th 


very start, by permitting the resort to the veto 





~“ nea 


“ss 





Y 


initio, the result might well be a disruption of th 


unity of the powers, the basic assumption unde 
ing the entire Charter. Another important pai 
graph in the Statement declared that the preli 
nary question of whether a given matter was on 
substance or procedure was itself a matter of si 
In this p! 
liminary matter would require a vote of se\ 


stance. other words, a decision on 
members, including that of all the great pow 
the way to the exercise of what h 
the double veto. Finally, the Stat 
ment contained the following which, in the lig 


thus opening 
been termed 


of what has taken place since, has today a v 
hollow sound indeed: 
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s not to be assumed . . . that the permanent 
ers, any more than the non-permanent mem- 


would use their ‘veto’ power willfully to ob- 


a Oa sy be 


the operation of the Council. 


Thi: part of the Statement has been cited since 
joi more often than any other. The disputed 
formula was finally incorporated as Article 
he Charter, but many delegates voted for it 
the hope that the veto would not be abused 
it were abused, that the matter could be 


& ied through a revision of the Charter. 

| Ji was not surprising to find all the great powers 
@t San Francisco justifying the veto, by any per- 
i nt member of a motion declaring it to be an 
povressor, on the ground that police action against 
p creat power is not feasible in any event. But 
this assumes too much; it apparently rests on the 
conclusion that the only possible sanction against 


in aggressor is the employment of force. This is a 
serious non sequitur. As is specified clearly in Ar- 
ticle 41, the Security Council has complete discre- 
tion on what measures to employ against a State 
that resorts illegally to force or the threat of force. 
Consequently, the following system for voting in 
this matter would greatly strengthen the United 
Nations organization. First, deprive the alleged 


wworessor of a vote when its own acts are being 














considered, this in accordance with the age-old 
maxim found in all civilized systems of law, nemo 
iebet judex in propria sua causa (no one shall be 
idge in his own cause). Second, leave it to the 
discretion of the Council to decide in the circum- 
the great 


power were just too strong to be opposed by force, 


‘tances What sanctions to apply. If 


perhaps the international organization would have 
to be content with mild sanctions, such as a mere 
withdrawal of diplomatic agents. Even if it only 
voted to censure the aggressor, the international 
ganization would nevertheless conserve its moral 
But, the Charter, the Security 
Council cannot even censure a permanent member. 


osition. under 


nless the erring member is thoughtful enough to 
zrant its consent! 


was with great misgivings that the vast ma- 
ority of the delegates at San Francisco accepted 
the Yalta formula governing the vote in the Secur- 


Council. And. ever since, there has been a 
tinuous movement to attenuate the rigors ol 
the veto. The matter has been given extensive 


ly in the General Assembly and in the Interim 
\ssembly, and many admonitions have been sent 
vn from these bodies to the Council, calling on 
permanent members to use the veto with dis- 
on (2). The United States Government for 
art has announced that it favors the abolition 
1e veto, both on the admission of members and 
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on action under Chapter VI for the pacific settle- 
ment of disputes—but to But fortu- 
nately, in actual practice, the Security Council has 
interpreted Article 27 in a manner that, to a con- 
siderable degree, has attenuated its original severity. 


no avail. 


In the first place, in exceptional circumstances 
the resolution of the Council, although vetoed, has 
nevertheless been implemented by the parties con- 
cerned. A second development is the practice of 
not counting abstention from voting as a negative 
vote. It often happens that a member of the 
Council, although actually disapproving of a given 
resolution, does not wish to frustrate the action de- 
sired by the majority. At other times, it may 
favor the motion but for political reasons does not 
wish to vote in the affirmative. The nice solution 
in such a situation is to abstain. It is very doubt- 
ful whether this interpretation is in accord with 
the intentions of the founders of the Charter. The 
versions of Article 27 other than the English text 
provide that in decisions of the Security Council 
on matters of substance, all the permanent mem- 
But 
abstention has been followed numerous times, and 


bers must vote affirmatively. this practice of 
no one has officially contested it. 

Another development, and the one most mooted, 
since it occurred at the crucial moment of Council 
action on the initial aggression in Korea, concerns 
the interpretation of absence. In that case it was 
ruled that the absence of the permanent member, 
Soviet the 
same not 


considered to have 
abstention: that is, it 
When the Security 


June 1950, voted to recommend the use of sanc- 


Russia. would be 
effect as would 


count as a veto. Council, in 
tions against North Korea, the Russian delegate 
was voluntarily absent, having walked out several 
months previously in protest against the continu- 
ous presence in the Council of the delegate from 
Nationalist This 


circumstance—along with the presence nearby of 


China. was indeed a fortunate 
American troops, and the fact that a United Na- 
tions Commission happened to be on the spot to 
report the North 
Korean An fortunate 


cumstance was the fact that the defense of South 


immediately actual facts of 


aggression even more cir- 
Korea was a matter of vital national interest to the 
United States. In the absence of the Soviet dele- 
gate, the Council was enabled to act immediately 
without fear of the inevitable U.S.S.R. opposition 
But 


point whether this action by the Council was in 


in that body. ever since it has been a moot 


accordance with a correct interpretation of the 
Charte1 Korea, the 
Council implicitly, by the Soviet 
delegate. ruled its own action to be legal, thus fol 


In the particular case of 


aC ting without 


lowing the accepted practice among United Na 





tions organs, each one deciding on its own compe- 
tence without appeal to a higher authority. But 
whether this interpretation of the Charter was cor- 
rect has never been decided. 

There is still one more development whereby in 
actual practice the United Nations has shown an 
ability to deal effectively with threats to the peace, 
despite the use in the Security Council of the big- 
power veto. This is through a resort to the Gen- 
eral Assembly. At times, for fear of a Soviet veto 
in the Council, the matter is referred directly to 
the General Assembly. ‘Thus, the Council is by- 
passed, as it was in the matter of the independence 
of Korea and the Chinese complaint against Soviet 
intervention in China. In other cases, after veto, 
the matter is taken up by the Assembly. In this 
body, a mere two-thirds majority is required in 
order to pass an important resolution, so there is 
no possibility of a veto. Legally, of course, the 
Security Council may not directly refer a matter 
vetoed by a permanent member to the General 
Assembly, unless a qualified majority is obtained. 
But the matter need not end there, for a motion 
to take a matter off the agenda may be voted by 
any seven members. From this moment, the Gen- 
eral Assembly may be seized of the question. And 
after deliberating, the Assembly may recommend 
appropriate action, even to the extent of proposing 
that the members apply measures of force to re- 
store peace. It is true that under Article 11, para- 
graph 2, any matter upon which “action” is re- 
quired is supposed to be referred to the Security 
Council. But if such ‘ 
is impossible, a logical interpretation of the Char- 
ter should justify the making of an appropriate 


> 


recommendation by the Assembly (3). The out- 


‘action,’ because of the veto, 


standing example of this procedure was the As- 
sembly resolution of 1 February 1951, finding that 
Communist China had engaged in aggression in 
Korea. 

When East and West are not hopelessly at odds, 
the veto is not likely to prevent the Security Coun- 
cil from dealing effectively with threats to the 
peace. ‘Phe action of this body in dealing with 
the problem of Palestine (Israel) was successful. 
Furthermore, the Council acted with dispatch and 
efficiency during the long-drawn out troubles in 
Indonesia. ‘There, skillfully bypassing the Dutch 
claim that, the matter being within the domestic 
jurisdiction of Holland, the Council had no juris- 
diction, the latter was instrumental in ending 
armed conflict and thus laid the basis for the grant 
of independence to the former Dutch colony. In- 
tervening in the Kashmir trouble, a dangerous dis- 
pute between India and Pakistan, the Council 
ended hostilities and imposed a truce that, although 
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unsatisfactory and precarious, has lasted t 
day. The basic reason why in these parti -ulay 
cases (and others) the Council could act su: cess. 
fully is extremely significant. This was the for. 
tuitous circumstance that no clash of vital nat ona] 
the United States and _ the 
U.S.S.R. Thus, they could agree on a settlemen 
But when the Council was seized of the question o| 
intervention in Greece, and also of the Corfu Chap. 
nel case involving the United Kingdom and Al. 
bania, the Soviet Government came to the defense 


interest separated 


of a satellite. In such circumstances, its veto is a 
foregone conclusion, whatever the merits of th, 
controversy. But in neither of these cases did the 
U.S.S.R. veto prevent resolute United Nations ac. 
tion: A commission was sent by the Assembly to 
supervise events on the Greek border; the Corfy 
Channel case was decided by the International 
Court of Justice. 

Similarly, with respect to the admission of new 
members, no candidate for membership has much 
of a chance to be approved unless both the U.S.S.R 
and the United States are on the same side of thi 
fence. Thus it was easy to admit Israel, since th 
two superpowers were actually competing for the 
favor of the new state. But the United States will 
not vote for Mongolia or Albania, nor the U.S.S.R 
for Italy or South Korea. It is precisely here that 
the veto has been used the largest number of times 

Looking back over the use of the veto in th 
Security Council from the beginning to the pres- 
ent, certain observations can be offered, which, in 
the nature of the case, can be only tentative 
Many observers have come to the conclusion that 
the veto is a major cause of the present weakness 
of the United Nations. No doubt an impressive 
case can be made for this thesis, especially by the 
citation of statistics. Certainly there has been a 
marked reduction during the years in the activity 
of the Security Council. From July 1947 to July 
1948, for example, the Council met 180 times; and 
for the same period in 1952-53, it met only 25 
times. A qualitative approach to the same subject 
is even more impressive. It is highly significant 
that the five historic diplomatic settlements of the 
past year were accomplished outside the United 
Nations with little or no assistance from that or- 
ganization: Iran, Suez, Indo-China, Trieste, and 
the recent London Agreements on the rearmament 
of Germany. 


To ascribe the tendency to bypass the Unit 
Nations to present defects in the method of voting 
alone is a striking example of post hoc, ergo h 


reasoning. For one thing, an increased use of t! 


Assembly was a natural development. The larg 
body is often preferred to the smaller, if only b 
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offers a bigger forum for purposes of prop- 
In fact the U.S.S.R. herself has aided 
etted the movement to use the Assembly 
han the Council. 
veto remains a very real problem, since it 
ntributed much to the undermining of pop- 
ipport of the United Nations. The main 
for the weakening of the United Nations, 
he ‘r, must be sought elsewhere. And the an- 
to be found in the present state of world 
An examination of the situation 
one to believe that the veto problem is not a 
but an effect. It is a consequence of the 
| war, the division between the East and West, 
the disruption of the balance of power. Any 
lawyer knows that family quarrels can be settled 
peaceably, by negotiation within the family circle, 
only up to a certain point. After that the disput- 
ing members will resort to the law. This is espe- 
cially true when one member is aggressive, work- 
ing to destroy all the others. In the international 
field, however, there is no court with obligatory 
jurisdiction to which the disputing members can 
resort; hence they fall back on the precarious 
methods of diplomacy. At best, they negotiate 
outside the world organization; at worst, they form 
rival pacts, they rearm. It is thus apparent that 
the basic assumption accepted by the negotiators 
at San Francisco is sound; the new system can 
work only if the powers retain a reasonable degree 
of unity. Failing this, problems that, for lack of a 


i 


world 


DO >. 


spirit of mutual cooperation, cannot be solved 
within the new world organization (but could even 
be exacerbated by the kind of public debate preva- 
lent today in that body) appear to have a better 
chance for solution outside, through independent 
agreement among the powers concerned. If these 
powers are friendly, as in the case of the members 
of the Atlantic Pact, they can negotiate much more 
successfully without the constant harrowing oppo- 
sition of the Eastern bloc. If the parties are ene- 
mies, as France and China were in their dispute 
over Indochina, here again private negotiation 
outside the United Nations apparently offers the 
best chance for successful negotiation. 

In present circumstances there should be no il- 
lusion; no revision of the Charter, however neces- 
sary and desirable, can make much of a contribu- 
better The must be 
sought along other lines. 


nm to a world. solution 


Collective Security in the Atomic Age 
Perhaps it will help to appraise the meaning of 
magic phrase “collective security” if the pages 
recent history are turned back as much as 40 
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years to recall that on the eve of World War I the 
conception of collective security simply did not 
exist. The most that the jurists who met at The 
Hague in 1907, at the second of the two great 
Peace Conferences, could foresee as a basis of per- 
manent world peace was a system of balance of 
power in which, by a delicately balanced equi- 
librium, the great powers would be so matched 
against one another that the risk of war would be 
too ereat to take. Arbitration was then the great 
hope for world peace. Let the great powers agree 
to arbitrate their disputes and then they would not 
be tempted to use their rival armaments. ‘The 
idea of limiting those armaments appeared alto- 
gether too impracticable for serious discussion. 
But World War I taught the terrible lesson that 
the balance of power unstable basis of 
peace, that one side or the other, fearing the grow- 
ing strength of its opponent, would take the fatal 
step of anticipating defeat. In the calmer light of 
today it can be seen that Germany was not wholly 


was an 


responsible for the war, as the Treaty of Versailles 
declared, but that the true cause lay in the lack of 
an international that could have 
brought the rival powers together and made it pos- 
for the critical situation 
Austria-Hungary 


organization 


a solution 
the 


sible to find 


presented by demands of 
upon Serbia. 

It was President Wilson who took the lead in in- 
sisting that the principle of collective security must 
be substituted for the unstable balance of alliances 
and counteralliances. He was not the first to con- 
ceive the idea, but being a man of vigorous intel- 
lect and high ideals he fixed upon it as the basis 
for future peace and as the condition upon which 
the United States would agree to cooperate in an 
Senator Henry 


organization to maintain 


Cabot Lodge had accepted the idea of a league to 


peace, 


enforce peace but, unfortunately, when he was not 
invited to take part in the formulation of the Cove- 
nant of the League of Nations, he turned against 
the conception and was one of those chiefly re- 
sponsible for the defeat of the plan. 

There was nothing new about the principle of 
Wilson 


others sought to incorporate in the Covenant of 


collective security which President and 


the League. Collective security is the fundamen- 
tal principle of law in every nation-state; that is, 
all the citizens are collectively responsible for the 
maintenance of peace and through their agents 
undertake to protect the individual citizen against 
attack. No citizen that 
an act of violence committed against one of the 
Violations 
of the law are the concern of every citizen, and 


can stand aside and say 


citizen-body is of no concern to him. 


unless he takes his part in suppressing them law 


~ 
“I 





and order within the state would soon disappear. 

It is easy to remember how stress was placed in 
those days on the fact that the United States her- 
self was an example of the application of the prin- 
ciple of collective security to states. The Consti- 
the United States 
‘a republican form of government 


tution of guarantees to each 


State and 
shall protect each of them against invasion.” ‘This 
last clause is our national collective-security sys- 
tem. An attack upon any one of our states, North, 
East, South, or West, would bring the entire United 
States to the rescue; and it is on this principle, this 
rule of law, that individual states are called upon 
to discard local armaments and to trust to the ar- 
maments of the United States as a national union. 

Collective security was possible in 1920. A com- 
bination of the great powers of that day would 
have been strong enough to make it altogether too 
dangerous for any one of their number to have 
committed an act of aggression. 

Article 10 of the Covenant of the League of Na- 
tions contained a pledge on the part of the mem- 
bers to respect and preserve against external aggres- 
sion the territorial integrity and existing political 
independence of all members of the League. Per- 
haps, the pledge was not phrased as well as it 
might have been, for it seemed to many persons 
that Article 10 guaranteed the maintenance of the 
status quo, and this gave the impression to many 
persons in the United States that there was no hope 
of remedying existing conditions of political de- 
pendence except by the only form of resistance pos- 
sible, insurrection. It seemed to 


namely, armed 


many that governments were now entrenched in 
their colonial possessions, and that the League was 
pledged to defend them in their control. This 
was, indeed, not the fact, but it did serve as an 
argument for those who opposed the assumption 
by the United States of a responsibility for the 
maintenance of peace by cooperation with other 
nations in suppressing acts of aggression. 

Ihe years went by and the system of collective 
security instituted by the League of Nations was 
unequal to the high task undertaken. The causes 
for the failure of the League need not be of con- 
cern here, The question now is whether the sys- 
tem of collective security established by the Char- 
ter of the United Nations is a feasible one; and 
the test of its feasibility is, of course, the question 
whether there can be sufficient unity among the 
leading powers to assure that their combined forces 
will always be so much ereater than the forces of 
any state that might attempt to commit an act of 


ageression that 


the act of aggression itself simply 
will not be committed. 


1945, and when 


This seemed to be the case in 













the Charter was finally signed at San Fra: 
many were hopeful that a new era had at la 


gun, and that the cooperation of the United Siate 


in the maintenance of the principle of collectiy, 
security would assure that there would be pre. 
ponderant strength on the part of the membcrs o 
the United Nations to defeat any act of agegressic; 
by a state in violation of the principles of th, 
Charter. Unhappily the Charter had scarce! 
been signed when an atomic bomb was dropped o; 
Hiroshima and a new phase of warfare had beeun 
Perhaps, the atomic bomb would not have bee 
sufficient in itself to mark the new phase. But 
combined with the atomic bomb was the invention 
of larger and faster airplanes which could reac! 
distant countries and, with the use of the boml 
devastate great cities in spite of whatever defenses 
might be built up to protect them. 

A surprise attack now became something that 
neither the Covenant of the League nor the Char. 
ter of the United Nations had anticipated. On 
of the oldest rules of international law was. the 
obligation to declare war, to give the opponent 
state time to consider its position and to yield 
before being attacked. Perhaps, the principle o! 
a declaration of war was of relatively little valu 
to a state when confronted with an ultimatum by 
a larger state; but it did at least mean that ther 
could be no sudden and unexpected attack that 
might catch it unawares and make useless what- 
ever defenses it had planned. 

What is left today of the rule of a declaration o! 
war? Is it to be believed that a state that has at 
its disposal vast and powerful airplanes and atomi 
bombs to drop upon great cities will, if it is deter- 
mined to commit an act of aggression, declare be- 
forehand what its demands are and announce that 
unless they are met within a certain time the attack 
will begin? No sensible man will expect any such 
thing. What can be expected, and what, of cours 
is feared, is that a surprise attack will take plac: 
simply because the advantages of it will be so ove: 
whelming that they make resistance almost im- 
possible. In the presence of this hard fact, this 
cruel fact, those who fear such an attack are then 
selves engaged in developing their military powe! 
so as to be able to return blow for blow and wre 
the that th 
enemy is seeking to wreak upon it. 


the same destruction upon enemy 
Under such conditions, there is not much left 
in the sense in which it w 
visualized in 1920 and on 26 June 1945, when t! 
Charter of the United Nations was siened. Sec: 
Dulles 


policy of depending primarily 


“collective security” 


tary announced several months ago t 


“upon a great « 
pacity to retaliate instantly, by means and at pla 
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What does this mean in terms 
institutional power of the Congress to de- 


noosing. 


r, which has always been regarded in our 
as one of the basic controls on irresponsible 
by the Executive? It is 
to criticize the statement of the Secretary 


not meant, ol 
of e, because it is perfectly clear that if the 
nat had to wait until the Congress, the mem- 
het which might, perhaps, at that time be scat- 

hroughout the country, could assemble and 
take action before hitting back, there might be 

left of our ability to hit back. Clearly, in- 
stant retaliation must mean that, to the Executive, 
must be left the decision to defend the country by 
\ means available against such a surprise at- 
tack as is here contemplated. Under the condition 
of such a surprise attack, could even the decision 
he Security Council of the United Nations be 
vaited, with the veto power in the hands of the 


permanent members? Clearly this procedure would 
take enough time to make recourse to it impossible. 

What then remains? There has been created a 
defense group in Western Europe, expanding the 
Brussels Treaty and the North Atlantic Treaty and 
bringing together a body of states, which it is be- 
lieved can be relied upon not to commit an act of 
aggression themselves and to use their forces only 
for such effective defense as Secretary Dulles had 
in mind when he spoke of massive retaliatory 
power. Perhaps, it must be left to this group and 
to the United States to make a decision in the 
name of the United Nations and to use the forces 
at their disposal to resist an act of aggression in 
the name of the United Nations as a whole. 

his is, of course, not “collective security” as 
understood in 1920 or as understood before the in 
vention of the atomic bomb and the fast-flying air- 
plane. But for the time being it would seem the 
best that can be had. It would amount to a sort 
of delegation of power to the small number ot 
states that are able to defend the community as a 
whole, trusting to their honor and integrity that 
their forces would not be used contrary to the 
principles of the United Nations, but only as forces 
of defense in the truest sense of the word. 

Perhaps, this picture is somewhat pessimistic 
But it is not intended to be so; it is intended only 
to illustrate the hard facts of the situation so that 
when the term collective security is used, it will be 
stated with the full 

ich, perhaps, is transient but is actually now 


realization of the situation, 
extant. 
While passing through this critical stage of what 
tht be called dislocated collective security, it is 
essary to strive to strengthen the United Na- 
is along other lines and to seek to build up 
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within the international community such a great 
body of common interests, political, economic, so- 
cial, cultural, and in a broad sense, human, that no 
one state will be tempted to defy the international 
community and resort to force to obtain its objec- 
tive. This, perhaps, is the greatest task before 
the United Nations as an organization, namely, to 
build up reserves of moral and material unity that 
will command the respect of the world and deter 
any nation that might be tempted to violate the 
system of collective security from making such a 


fatal decision, 


Economic and Social Objectives of 
International Trusteeship 
The United Nations Trusteeship System has 
been aptly defined as a system of national adminis- 
tration under internation] supervision. In exam- 
the the 
Trusteeship System, it is necessary to have in mind 


ining economic and social objectives of 
the basic elements that comprise it and to see how 
the respective functions of administration and su- 
pervision operate and interact upon one another 

The the system are the 11 
trust territories themselves—-seven in Middle Africa 
which include a popula- 


basic elements in 
and four in the Pacific 
tion of about 20 million people. These 11 terri- 
tories have all been taken from enemy states at the 
ends of the two world wars and, with the exception 
of Italian Somaliland which is the only new trust 
territory established after World War II, are ad- 
ministered by the United Kingdom, France. Bel- 
cium, the United States, Australia, and New Zea 
land. 

There are some 58 other nonself-governing ter- 
ritories, commonly called colonies or protectorates, 
which are governed by the same administering 
powers but which fall outside United Nations su- 
pervision under trusteeship. ‘The Charter provides 
that such territories can be voluntarily placed un- 
der trusteeship, and it is, perhaps, a weakness of 
the ‘Trusteeship System that none of these 58 colo- 
nies has so far been placed under it. Although it 
seek the this 
apparent anomaly, one reason undoubtedly is that 


is not relevant here to reason for 
the administering authorities do not really feel that 
there would be any advantage to the colonies or 
to themselves by placing them under trusteeship. 


The 


trusteeship is, of 


fundamental objective of international 


course, a_ political objective. 
namely, the progressive development of these terri- 
tories toward self-government or independence 
There arise, however, two rather fundamental dif- 
ferences between the administering authorities and 
the the United Nations. The 


first difference relates to the time factor in which 


other members of 








self-government or independence of these terri- 
tories may be attained; the second difference turns 
on the question of whether the economic and social 

development of these territories should reach a 

certain stage of advancement before self-govern- 
ment or independence is to be recognized. 

United Nations supervision consists basically of 
two elements. The first may best be described as 
a kind of police function—supervision directed to 
seeing that the administering authority is not en- 
gaging in exploitation or abuses, such as have some- 
times been practiced in past colonial history. The 
second is supervision of a more positive kind ex- 
pressed in terms of cooperative efforts on the part 
of all members of the United Nations toward the 
solution of various economic, social, and political 
problems that inevitably arise. The administer- 
ing authorities can hardly be expected to be very 
appreciative of the police function, since all of 
them belong to the democratic peoples of the Free 
World who do not honestly believe that they re- 
quire policing. As for securing cooperative help 
in the solution of economic and social problems, 
an examination of United Nations debates shows 
that the critical, rather than the constructive, note 
tends to dominate the discussion. And this may 
be a further reason why the International Trus- 
teeship System has not, in practice, been geograph- 
ically extended to include other nonself-governing 
territories. 

Even if they do not feel the need or the utility 
of international trusteeship, and even if they are 
disinclined to place any of their colonies under the 
system, the administering authorities, nevertheless, 
are aware that public opinion in recent times has 
become increasingly critical of the colonial rela- 
tionship, and they regard international supervi- 
sion, therefore, as a necessary feature of interna- 
tional relations. Indeed, it was the administering 
members themselves at San Francisco who took the 
initiative in devising the system, and it was they 
who voluntarily drafted the terms of the Trustee- 
ship Agreements, which were later accepted, with 
very little change by the United Nations. It 
cannot be said, therefore, that the system was im- 
posed upon them, except, perhaps, by the force of 
public opinion, or that the objectives of the system 
were established against their will. 

The basic concept that underlies international 
trusteeship is that there are peoples who are not yet 
able to stand by themselves under the strenuous 
conditions of the modern world and that “the well- 
being and development of such peoples should form 
trust of civilization.” This idea of the 
“sacred trust” was first mentioned in connection 
with the League Mandates System and the term 


a sacred 
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sacred trust itself was carried over into the Cb. arte; 
of the United Nations. Indeed, the Truste ‘ship 
System is, in essence, a projection of the Man late 
System. 

Positive objectives expressed in the League Cove. 
nant and in the United Nations Charter usually 
begin with the words to promote. For exai iple, 
in these instruments the administering authorities 
are to undertake to promote the economic and 
social well-being of the inhabitants, to promote 
measures of development, to encourage research 
to insure equal treatment in social, economic, and 
commercial matters for other United Nations 
members, and to promote freedom of conscience 
and religion and to encourage respect for human 
rights and fundamental freedoms. 

Negative objectives are usually expressed by 
clauses beginning with the words to prohibit or t 
prevent and include such objectives as the prohibi- 
tion of the arms traffic and the liquor traffic, the 
suppression of the slave trade and the prohibition 
of forced or compulsory labor except for essential 
public works or services, the prohibition of abuses, 
particularly abuses pertaining to alienation of land 
or other forms of exploitation, and the prevention 
of concessions having the character of a general 
monopoly. 

The ‘Trusteeship System has been shown by ex- 
perience to be better adapted for dealing with the 
so-called “negative objectives,’ such as the _pre- 
vention of abuses, than with the positive objectives, 
such as the building of roads, railroads, harbors, 
schools, and hospitals. The reason, of course, 1s 
not difficult to understand. The Trusteeship 
Council is not in a position to raise funds for 
economic development. The Council can and 
does give advice—for example, on the best methods 
of overcoming illiteracy—but it is not in a position 
to raise funds or to guarantee funds for a long- 
term economic development. It gives advice with- 
out corresponding responsibility. On the whole, 
therefore, the supervisory instrument is not well- 
adapted to positive reconstruction and develop- 
ment. The Trusteeship Council Visiting Missions, 
which, unlike the Mandates System, are enabled to 
so into the territories and examine local condi- 
tions, undoubtedly have exerted influence in_pre- 
venting possible abuses, injustices, or inequities. 

The ‘Trusteeship Council, as a kind of watch- 
dog for civilization, has, perhaps, less work to do 
today than would have been the case in an earlict 
period when colonial practices were less enlight- 
ened and less concerned with native welfare. It 
may be regarded in some respects as a belated re- 
flection of a previously bad conscience that had 1 
sulted from earlier forms of exploitation, now hap- 
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ely nonexistent. Today the main empha- 

» nonadministering members is rather on 
more rapid strides toward self-government 
endence, whereas the emphasis of the trust 
is more likely to be on the means and 
s of economic and social development which 
rard as the necessary foundation for a stable 
irable self-governing existence. Since some 
nonadministering members of the Council 
r that self-government is a condition that 
be granted at an early date, if not imme- 
liately. even if economic and social conditions are 
not yet what they should be, it will be seen easily 
that in the pursuit of the various objectives of the 
lrusteeship System, the members of the United 
Nations do not always agree on the basic premises 
by which the objectives may best be realized. On 
the question of the time factor, Secretary of State 
Dulles has clearly expressed the United States atti- 


tude when he said: 


The United States has not wavered in its con- 
viction that the orderly transition of self-govern- 
ment should be carried resolutely to a completion. 


Thus, United States delegations are constantly 
pressing for the earliest practicable attainment of 
self-government, and where suitable for independ- 
ence, but they recognize that orderly transition 
means that there should be adequate foundations 
of a political, economic, and social character that 
will enable such peoples to assume effectively the 
responsibilities for self-government. 

[he question arises why the desired economic 
and social objectives in the trust territories are 
realized relatively slowly, especially since the trust 
territories may be regarded as wards of the United 
Nations and have the particular attention of some 
of the wealthiest countries as administering author- 
ities 

A number of factors enter into the answer to 
this question. First of all, in the primitive condi- 
tions prevailing in most of these territories, there is 
almost no basis for the formation of capital from 
internal The primitive 
methods, they live on a subsistence economy, al- 


sources. people follow 
most entirely agricultural, and in some cases pas- 
toral and even ‘Their often 
depleted and eroded, and, with few exceptions. 


nomadic. soils are 
mineral resources appear to be largely lacking. 
\lthough European administrators have been in 
some of these territories for more than half a cen- 
tl this is still too short a period in which to 
transform a primitive agricultural community into 

iversified economy based upon exchange and 
trade relations. 


he assertion has also been made that the trust 
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territories are at a disadvantage with ordinary col- 
onies in the matter of their economic and social 
development. Risk capital, it is said, is somewhat 
less attracted to the trust territories for at least 
two reasons. The status of the territory is more 
uncertain, since the administering authority does 
not claim sovereignty over it, and there are con- 
stant pressures from the United Nations for the 
early attainment and, perhaps, even premature at- 
tainment, of self-government or independence. 
Hence, investors are more hesitant to take the ad- 
ditional risk necessary in long-term economic de- 
velopment. It may also be true that the investor 
does not entirely enjoy operating under the inquisi- 
tive and suspicious eyes of 60 nations when he finds 
it difficult enough to operate when the supervision 
is less pervading and exacting. In any event, for 
whatever the reason, funds for economic develop- 
ment in the trust territories have been provided 
almost entirely by the administering authority and 
its nationals. In recent years some comparatively 
small contributions have also come from the United 
Nations Technical Assistance and United States 
Mutual Security sources. 

There are several major social objectives of the 
Trusteeship System that are identical with those 
sought by the administering authorities in terri- 
tories outside the Trusteeship System. It is a well- 
recognized principle that economic development 
and social development are interdependent and 
that it is unrealistic to attempt to build a sound 
economy while neglecting the social aspects of the 
problem. Indeed, it can be said that economic de- 
velopment cannot proceed very far unless pregress 
is also made in the social field. 

The first efforts of administering authorities and 
supervisory bodies have been directed toward pro- 
viding health conditions. To this end it is generally 
agreed that attainment of better health standards 
depends on such factors as better nutrition, more 
adequate housing and sanitation, and better health 
education. These objectives, however, can be at- 
tained only as poverty is overcome by higher wage 
standards, which in turn depend on higher levels 
of production, the opening of new channels of com- 
trade, 


munication, the and a 


development of 
change from a subsistence to a cash economy. 

It is fairly easy to agree in theory on objectives 
and on the means of their attainment. But to exe- 
cute them presents tremendous difficulties, since it 
often involves the disruption and even the break- 
down of tribal customs and of primitive forms of 
social organization. In many instances it involves 
the problem of migratory labor where the head of 
the family will be absent from his tribe for many 


months in order to work In a mine or factory. with 














all the resultant social problems that this brings 
about. 

A question frequently discussed in United Na- 
tions bodies has been whether economic and social 
development of nonself-governing territories should 
depend solely on the territory’s own resources and 
on such private investments as might come from 
abroad, or whether the administering members 
should provide funds necessary to speed up the 
pace of this development, and whether such as- 
sistance should be in the form of grants-in-aid or 
in repayable loans. Most administering authorities 
have now accepted the responsibility for providing 
funds that go beyond the immediate capacity of 
the territory itself to supply. It is not considered 
desirable, however, that such funds should tend to 
mortgage the long-run future of the territory. In 
this connection the United States has received some 
criticism in the United Nations for the amount of 
funds it is expending in the Trust Territory of the 
Pacific Islands on the grounds that such expendi- 
tures are creating standards that the territory can 
never maintain by itself. 

Social objectives also concern problems of edu- 
cation and labor conditions. With respect to educa- 
tion, the problem of overcoming illiteracy, the 
problem of whether to teach in the vernacular or 
in a modern language or both, the problem of pro- 
viding mass adult education, and the problem of 
retaining literacy, once acquired, have been given 
close attention, especially in the last 10 years. The 
objectives have generally been agreed upon, but 
the methods of attaining them are still subject to 
differing opinions. Some authorities have under- 
taken to provide widespread primary and elemen- 
tary education rather than to select a few indi- 
viduals for university training. ‘The question of the 
relative merits of technical, as compared with lib- 
eral, education and the question of, for example. 
too many lawyers as compared with doctors and 
engineers, are still vexing problems in most terri- 
tories. In addition, there is the problem of the 
native who studies in a Western university return- 
ing to his territory and not fitting into the life of 
his tribe and, thus, becoming discontented and, 
perhaps, an agitator. 

The administering authorities have maintained 
an adequate record in the field of labor standards. 
Wage rates in comparison with Western standards 
are shockingly low, but in relation to the produc- 
tivity of the worker they are, perhaps, more reason- 
able. In 
usually affiliated with those in the metropole, are 


most cases, trade-union organizations, 
overcoming unreasonable disparities. ‘The Trustee- 
ship Council examines closely any tendencies that 


might show wage differences in employments or 


82 








professions based on race. Recommendation: ¢o; 


cerned with this problem frequently emanate fro 
the Council. 

As a whole, the idea of the sacred trust is sti! 
the underlying motive of trusteeship. The last area 
in the world to be touched by modern civilizatioy 
are rapidly moving toward the capacity to becom 
self-governing and, where suitable, independen 
The advances made in these respects by the Gol; 
Coast and Nigeria, for example, which carry wit! 
them similar advances in the neighboring ‘rus 
Territories of ‘Togoland and the Cameroons 
only forerunners of what is forming in the remaiy 
ing nonself-governing areas of the world. 

The colonial relationship has come into dis 
pute and is the subject of much criticism. \, 
people really enjoys being ruled by an alien author 
ity, even when that rule is benevolent. This rela 
tionship, however, is rapidly changing, and in this 
evolution the role played by the United Nations a 
representing the world community is_ significant 
even when it is not always measurable. ‘The perio 
immediately ahead can anticipate a rapid increas 
in the number of countries that, through federatio 
or in an independent status, will become new men 
bers of the family of free and independent nations 
It is only to be regretted that while this remarkabl: 
development is taking place in the Free World, th 
trend is so largely in the opposite direction in othe: 
areas of the world. 


Economic Cooperation and the 
Underdeveloped Areas 

Countries in which levels of national and famil 
income are low and the dominant industry is agri- 
culture are commonly referred to as “underdeve! 
oped” by the representatives of such countries at 
the United Nations. Underdeveloped should always 
be understood to be a relative term, since develop- 
ment is a matter of degree. No country is com- 
pletely undeveloped and none is ever fully deve! 
oped. Moreover, in many highly developed coun- 
tries there are areas that are relatively underd 
veloped. 

Economic cooperation is used here to mean th 
help in accelerating the rate of economic develop 
ment that comes from outside the particular coun 
try. Such help may be in many forms and may be 
carried on in many different ways. Among thos 
in use—-some of them very old, others of very re- 
cent origin—are (1) individual payments to r 
tives overseas and contributions to the relief 
sufferers of earthquakes, floods, and famines; 
the provision by private nonprofit foundations 
technical aid and research in the problems 0! 
health, agriculture, and technology of underdev:! 
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KF ntries; 


(iii) the private investment of 
broad: (iv) technical and economic aid 
oy rmments; {(v) loans by governmental 
vi) the United Nations Technical Assist- 
n ram; and (vii) loans by the Interna- 
ank for Reconstruction and Development. 
nterest of industrially advanced countries 
rdeveloped areas has grown strikingly dur- 
Nn period since the close of World War II. 
| bates and proposals in the United Nations 
ndoubtedly been influential in stimulating 
sich interest, but it has The 
manifestations of interest include such operations 
United Nations Technical Assistance Pro- 
sram, the Colombo Plan, and numerous programs 
notably those of the 


grown elsewhere. 


of bilateral cooperation, 
United States under which about 6.5 billion dol- 
ws have gone in aid to underdeveloped countries, 
nostly economic aid. 

[he reasons why industrially advanced countries 
re prepared to make some financial or other sac- 
rifices in order to help promote economic develop- 
nent, as these reasons appear in the debates of the 
United Nations General y and the Eco- 
nomic and Social Council, are of three kinds. First 

the moral imperative, the weight on the con- 


Assembly 


science of the more developed countries that re- 
sults from an awareness of the growing divergence 

levels of living between the wealthier and the 
poorer countries, and of the poverty, hunger, and 
lisease so often present in the latter. Second are 
the gains in political stability that it is hoped will 
«company economic development. In many coun- 
tries with low levels of production and consump- 
tion, the growing awareness on the part of the 
masses of people that a better life is possible makes 
them unwilling to accept without political protest 
i‘ continuation of conditions of hunger and mis- 
ery. The raising of per-capita production, which 
is a major aspect of economic development, thus, 
may be a vital factor in achieving or maintaining 
political stability in such countries. Third are the 
economic benefits that the industrially advanced 
ountries themselves may expect to derive from 
promoting the economic development of the less- 
leveloped countries. Certain specific industries, of 
*, may be adversely affected by the growth of! 
he same industries in other countries. That the 
economy of the United States as a whole, however. 
be benefited by accelerated economic develop- 
t of the underdeveloped countries, even where 
this takes the form of rapid industrialization, is a 
proposition that would, perhaps, command_ the 


COUTSE 


‘Support of a great majority of economists. An ex- 
panding world economy is the best assurance that 
economies of particular countries will continue to 


expand. Among the many factors that determine 
the volume of international trade carried on by a 
country is the level of its income. Generally speak- 
ing, the larger the per-capita income of a country 
the more, per capita, it buys and sells in interna- 
tional markets. 

Thus, moral, political, and economi 
combine to make the speeding up of the rate of 
economic development in underdeveloped coun- 
tries an objective that industrially advanced coun- 
tries seek to promote. Effectively administered aid 


reasons 


by industrially advanced countries is, accordingly, 
not necessarily a “give-away” but rather an invest- 
ment. The returns on 
not always definitely traceable, may nevertheless 
be high. 

Implicit in the willingness of people to cooper- 


this investment, although 


ate in the economic development of other coun- 
tries is the belief that the rate of economic develop- 
ment in a country or region depends on the extent 
to which certain factors are present or absent, and 
that enough of these factors can be consciously and 
deliberately affected, within a framework of demo- 
cratic institutions, to accelerate substantially the 
rate of development. The factors that in combina- 
tion determine the rate of economic development 
of a country are very numerous. Many of them are 
intangibles, such as the procedures and _ practices 
of public administration, the moral tone of the 
public officials and of the population generally, the 
social prestige of work and of entrepreneurial ac- 
tivtiy, and the available supply of trained labor and 
managerial talent. The rate of domestic savings 
and the extent to which they are devoted to pro- 
ductive investment often are vital. 
Representatives of underdeveloped countries and 
of industrially advanced countries alike recognize 
that some internal factors may, in the given situa- 
tion, constitute obstacles to rapid economic de- 
velopment. In the industrially advanced countries 
this recognition has seemed in some cases to be 
coupled in the public mind with an attitude of in- 
sistence that the underdeveloped countries “put 
their houses in order’ by removing internal ob- 
stacles before external cooperation is granted. It 
would, indeed, seem not too much to ask that the 
will to eliminate internal obstacles to development 
should be present in the underdeveloped country 
and that positive steps be taken to do so, but it is a 
counsel of perfection to insist that all major in- 
ternal obstacles actually be removed before exter- 
nal cooperation is offered, especially in view of the 
positive interest of the industrially advanced coun 
tries in promoting economic development in un- 
derdeveloped countries. The situation may involve 
deeply ingrained practices and attitudes and wide- 








spread lack of understanding of their relationship 
to economic development. No simple act of the 
government is likely to correct such a situation, at 
least in the short run, and, indeed, it may for the 
time being be impossible to secure public assent to 
the needed changes. External cooperation may be 
necessary to the creation of conditions of growth 
and development under which the needed internal 
changes may gradually be made. 

The representatives of the underdeveloped coun- 
tries emphasize three general kinds of factors on 
which they believe international cooperative action 
is required to accelerate the rate of economic de- 
velopment. One such factor is assistance in bring- 
ing to their people the knowledge and benefits of 
modern techniques—-commonly referred to as tech- 
nical assistance or technical aid. Technical aid in 
many cases can achieve tremendous results at rela- 
tively small cost. In most circumstances, however, 
acquiring technical knowledge is not sufficient to 
give a satisfactory rate of economic development, 
since the use of the more modern technical methods 
is likely to require much new and additional cap- 
ital. The difficulties of creating large amounts of 
capital from the low levels of income and in the 
conditions 
countries make necessary substantial international 
movements of capital to achieve a rapid rate of 
development. While different persons place dif- 
ferent emphases on the relative importance of pub- 


prevailing in many underdeveloped 


ic capital and private capital, they are in the mai1 
| pital and | te capital, they in the main 
complementary rather than competitive. 
private capital will be invested in some countries, 


Sefore 


it is necessary to provide an adequate foundation 
of roads, public health, education, and the like. 
These can scarcely be made to yield a commercial 
return and, therefore, require the investment of 
public capital. For these reasons the international 
flow of public capital is, in general, a factor en- 
couraging the investment of private capital. Of 
course, it is not impossible that some specific in- 
vestments of public capital may be competitive 
with some possible specific investments of private 
capital. 

Although underdeveloped countries with few, if 
any, exceptions are cager to receive private capi- 
tal, they have found it desirable to insist that the 
investment be in harmony with the needs of the 
country and that the political and economic “sov- 
ereignty” of the country be protected. These view- 
points have led to some misunderstandings, but to 
an increasing degree they appear to be recognized 
by investors in industrially advanced countries as 
both inevitable and reasonable. 

In the United Nations in recent years the Gen- 
eral Assembly and the Economic and Social Coun- 
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cil have been pressing for the establishment © ° ty 
new international instruments, one to enlarge» th 
flow of private capital and the other to e 
the flow of public capital. The proposed In 


larg 
ma- 
tional Finance Corporation would have an under. 
lying capital fund of internationally contributed 
public capital, but would seek to function by jp. 
vesting in private industries of underdeve 
countries and passing the securities on to privat 
investors in the industrially advanced countries 
There seems to be some prospect that this cor. 
poration may be realized in the relatively nea 
future. More resistance has continued to be show 
by the representatives of industrially advance¢ 
countries to a proposal for establishing a special 
United Nations fund for economic development 
This fund would be financed by contributions fron 
industrially advanced countries and would be dis. 
tributed to the underdeveloped countries in th 
form of grants-in-aid or long-term, low-interes 
loans. 

A third type of international action for whic! 
the representatives of underdeveloped countries 
have been pressing in the United Nations and other 
international organizations involves the designing 
and application of measures to prevent in th 
future wide fluctuations in the prices of priman 
products relative to the prices of manufacture: 
products. Such fluctuations have been chronic ii 
the past and have proved to be extremely damag- 
ing to the economies of the countries that rel 
heavily on the export of agricultural products and 
other basic raw materials. Underdeveloped coun- 
tries must usually rely on their foreign exchange 
earnings from the sale of primary products, not 
only to purchase many necessary consumer good: 
but also to finance the purchase of capital goods 
required for development. ‘The more favorable th 
terms of trade, the larger the volume of forecigi 
exchange available for foreign purchases. Fluctua 
tions in terms of trade lead to an alternating feas' 
and famine situation that demoralizes business an¢ 
workers and can seriously interfere with economi 
development plans. As a step toward mecting this 
problem, the Economic and Social Council has 


established an 18-member Commission on Inter 


national Commodity Trade, which is expected to 


hold its first meeting in January 1955. 
Programs of technical aid, loans, and grants ca! 


| 


ried on unilaterally by countries on the basis 
agreements with recipient countries are subst 
tially coordinated with programs of international! 
organizations, and the two types complement e: 
other. In a sense, however, they are competing 
methods, each having its advantages and disad- 
The the contribut 


vantages. attractiveness to 
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{ giving its aid unilaterally and, thus, 


4 


m= CO < 
ne full control is so evident that many 
D may not be aware that the use of an in- 
te nal organization also presents advantages. 
For thing, the international body has many 
rs and can draw on a much larger source 
of funds than can even the wealthiest country. 
Morcover, the contributions of one country may 
be. in effect, the instrument for securing contribu- 
tions [rom other countries, thus, enlarging the total 


volume of funds available. Another advantage of 
using an international organization in the giving 
of technical assistance is that it permits the recruit- 
ing of ‘technical assistance experts from many dif- 
ent countries. This is often of great advantage 
to the countries that receive technical assistance, 
since it makes possible the use of technical knowl- 
edge best adapted to their needs. 

Another advantage of international programs is 
their cooperative character. The United Nations 
Expanded Technical Assistance Program supplies 
a good illustration. One form of cooperation in 
this program is that which exists among a number 
of agencies within the United Nations family, each 
specializing in the kinds of technical assistance for 
which it is particularly qualified, but all coordi- 
nated into the program as a whole. In the second 
place, and more important, the program is coop- 
erative in that it is not simply a matter of two 
rigid categories of countries, some giving aid and 
others receiving aid. Almost every country has spe- 
cial technical knowledge that may be usefully ap- 
plied in other countries so that a country is very 


often both the recipient and the supplier of tech- 
nical aid at the same time. During the first 4 years 
of the existence of the program, the experts were 
of some 68 nationalities. 

Finally, the attitude of the 
countries that receive aid deserves consideration, 
since it is in the impact of the aid on these coun- 
tries that the purpose of assistance programs is to 
be found. Countries receiving aid appear generally 
to prefer to have it come through international 


underdeveloped 


bodies. Using an international organization as the 
instrument for granting aid greatly reduces the 
embarrassment of being an aid recipient and avoids 
both the danger of political domination by the con- 
tributing country and possible charges that such 
domination exists. These are factors that are sig- 
nificant also to the contributing country. The ad- 
vantages are such that, as they become more widely 
understood, the use of international organizations 
for the provision of technical and economic aid 
would seem likely to increase. The future of these 
functions of the United Nations, therefore, pre- 
sumes a considerable potential for international 


economic development. 
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A Physician’s Avocation 


This month’s cover is a photograph of a sculptured bust of Abraham Lincoln that 
was done by Emil Seletz. Seletz is assistant professor of neurosurgery at the University 


of Southern California School of Medicine, chief of neurologic 


surgery at Cedars of 


Lebanon Hospital, and senior attending neurologic surgeon to the Los Angeles County 


General Hospital. 


He is author of Surgery of Peripheral Nerves. In portrait sculpture 


his subjects have been principally famous physicians. However, his favorite subject 
has long been the face of Lincoln. The original life mask at the Smithsonian Institution 


was intimately studied for this piece of sculpture 


\t present Seletz is working on a 


bust of Albert Einstein for the new medical school in New York bearing his name, and 


also on another head of Lincoln some 3 ft in size 
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ONTRARY to long-standing assumption, 
mammalian spermatozoa are not ready for 
their role in fertilization when they are re- 

leased from the testis. At this early stage, these 
sexual cells are far from complete in their physi- 
ological development. Since the first realization 
of the significance of spermatozoa in reproduction, 
these minute bearers of hereditary transmission 
have generally regarded, on cytological 
grounds, as fully functional, capable of fertiliza- 
tion, and otherwise mature, regardless of where 
they might be found in the male or female genital 
tracts. However, it is now apparent that the male 
germ cells demand a period of time and modifica- 
tion before their full measure of fertilizing capacity 
can be realized. This potentiality is progressively 
approached while the spermatozoa are undergoing 


been 


profound physiological trasformations during their 
passage from testicle to fertilization site. 

The recent recognition of this “ripening” process 
in spermatozoa—maturescence stimulated 
both research into the nature of prefertilization 
gametic changes and exploration of new areas of 
attack on the ever-present problems of fertility and 
sterility. It is unlikely that much improvement can 
be achieved toward devising intelligent and _ in- 
fallible procedures of contraception or for the 
regulation of conception without first having a 
more complete understanding of the physical and 
biochemical conditions in the sexual cells and in 
the fertilized egg. This is true, whether the objec- 
tive be that of the clinician who is called upon to 
recommend such procedures, or that of the soci- 
ologist who stands appalled at the awesome in- 
crease in birth rate in those many quarters of the 
world where a limitation of population might 
ameliorate the enigmatic social and economic im- 
balances. 


-has 


When puberty is reached in the male, sperma- 
tozoa are produced in prodigious numbers in the 
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germ cells. 


testes, and this cell formation persists, thoug! 
gradually waning, throughout the course of sexual 
maturity. Possibly a trillion (10'*) such sexual cells 
are generated during a human life-span. A con. 
tinuous procession of spermatozoa passes from th 
testis into the fine tubules of the epididymis and 
thence into the larger collecting duct, the vas 
deferens, of the genital tract. At intervals th 
paired vasa are forcibly emptied of the sperma- 
tozoa stored within, and at each ejaculation th 
cells are intermixed with seminal plasma from th 
accessory glands. 
and the 
(Fig. 1 
At insemination, the male 
duced into the vagina and the cervix uteri. As 4 


the seminal vesicles, the prostat: 


bulbo-urethral, or Cowper’s, glands 


gametes are intro 
result both of autonomous sperm movement and 
the muscular activity of the tract, the cells migrati 
through the uterus and finally into the oviduct 
Fertilization generally occurs in the upper segment 
of this duct when a single spermatozoon from th 
many millions fertilizes the 
shortly after its rupture from the ovary. 
This thumbnail sketch is made despite the ex- 
treme variation that exists in the details of the re- 
productive processes from species to species: rat 


introduced ovum 


of sperm transport, periodicity of ovulation, num- 
ber of ova shed, survival times of the gametes, 
time of fertilization, structure of the genital tracts, 
and the like. 

The point of view that spermatozea undergo 
fundamental alterations after their escape from 
the testes was inferred two decades ago from a 
series of enlightening breeding experiments 
which spermatozoa from different levels of t! 
male genital tract were used for artificial insem- 
nation. Ordinarily, of course, only the older, m 
ture spermatozoa from the distal portions of thc 
ducts are 


introduced at insemination—a _ hi: 


fertilization rate thus being assured. However, bo! 
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ind in mammals, the fertilizing capacity 
id to increase markedly when these cells 
ioned off from points farther and farther 
‘tract (7, 2). Since no obvious structural 
tions occur in the slow passage through 
‘s, the changes in the cells must be of a 
al nature—alterations that improve thei 
for successful reproduction. Although these 
ontrolled excursions into animal breeding 
iccomplished with chickens, rats, rabbits, 
linea pigs, a comparable situation is now 
b d to exist in human spermatozoa. 


Furthermore, it has recently been established 
t} spermatozoa must also spend a minimum of 
5 il hours in the female genital tract, where 


r changes are undergone. For example, if 
ejaculated rabbit spermatozoa are immediately in- 
troduced directly into the open fimbriated end of 


the oviduct of an ovulating female under anes- 
thesia, these cells are incapable of completing 
fertilization until 4 to 6 hr have elapsed (3). How- 


ever, if the spermatozoa are first “aged” for ap- 
proximately 5 hr in the uterus of a foster doe be- 
lore they are similarly introduced into the oviduct, 
they are then immediately capable of fertilizing 
ova. Likewise, when rat spermatozoa are collected 
from epididymides and injected into the membran- 
ous sac surrounding the female gonad, they cannot 
engage in fertilization until after they have re- 
mained there approximately 4 hr (4). Here too, 
then, a delay involving some kind of sperm meta- 
iorphosis is required. 

What 
formation of 


nature of change—gain, loss, or trans- 
is responsible for these 
ndications of The 


mswer, not immediately forthcoming, would be 


substance 


sperm maturescence? final 
i detailed account of the process of physiological 
differentiation in one of the most highly metabolic 
ind complex types of cell in the animal organism. 

he number of that are present 
at the time and site of fertilization bears witness to 


spermatozc a 


the fact that the going is not easy. For only a few 


out of the many millions of cells introduced com- 


plete the journey. No “sperm swarm,” but only a 
lraction of the total number of cells normally de- 
posited can be counted in the vicinity of the eggs 
it the time of fertilization—about ten in the rat, 
ind several hundred in the rabbit (5). On scant 


evidence the same seems to be true in monkeys and 
in women. Presumably the failure of many sperma- 
tozoa to reach their predestined goal lies in thei 


ick of vigor and in their sensitivity to inimical 
onditions along the route. Effective obstacles to 


migration do exist, particularly at the uterotubal 


tion and at the cervix, where many cells are 


and abandoned. In fact, many of 


screened out 





ary 1955 









the spermatozoa of rodents and monkeys are 
trapped irretrievably in the bouchon vaginal pro- 
duced at copulation by the enzymatic gelation of 
seminal constituents. 


With 


tural pattern of spermatozoa has been reasonably 


some modifications in detail, the struc- 


well standardized by nature. Generally, a sperma- 


tozoon consists of a head with its nuclear and 
genetic elements, a mid-piece which is vitally con- 
cerned with energetics, and a long, tapering flagel- 


2). The 


application of electron microscopy to the study of 


lum that is responsible for motility (Fig. 


male germ cells has resulted in the demonstration 
of a maze of intricacies that indicates more basi 
conformity than variation in intracellular plan 
Fig. 3). The electron microscope has just begun 
to be applied to the problems of microscopi 
changes in prefertilization development of sperma- 
tozoa. But some significant alterations have already 
been shown in the gametes of certain marine in- 
vertebrate animals such as the sea urchin. When 
these spermatozoa, for instance, are exposed to 


exudates from the ova, abrupt morphologic 
changes occur in the head (6). These alterations 
in the presence of egg-substance, “fertilizin,”’ are 


believed to represent an important event in gamete 


interreaction in the early stages of fertilization 
Fie. 4 
Certain gross morphologic irregularities in mam- 


malian spermatozoa have been pointed out as 


being indicative of anomalous cell formation or 
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Fig. 1. The human male genital system, schematically 
represented. Immotile spermatozoa, produced in the testis, 


are stored within the vas deferens and the distal lob¢ 


of the epididymis. Upon ejaculation the sperm are 
mixed with secretions from the seminal vesicles, the 
prostate, and Cowper’s gland, and only then do they 
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normally become motile. Turner, General 


Endocrinology (Saunders, 
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Fig. 2. Human spermatozo6n stained by the silver 
AgNO impregnation method and magnified 1700 


times. The head, containing the nucleus with its chromo- 
somal-genetic hereditary complement, appears banded 
owing to the anterior cap, the galea capitis. The ‘‘neck”’ 
is small and beaded, whereas the mid-piece blends almost 
imperceptibly into the extremely long tail. A million of 
these cells could rest side by side on the head of a pin. 
From D. W. Bishop, ‘““The Metabolic Machinery of 
Sperm Activity, in E. T. Engle, Ed., Studies on Testis 
and Ovary, Eggs and Sperm (Thomas, Springfield, Ill.) } 


degeneration. ‘Thus occasional superfluous proto- 
plasmic remnants attached to the sperm tail indi- 
cate inadequate streamlining and precocious shed- 
ding of cells from the testis. Such gametes are 
presumed to be nonfunctional, as are old cells, 
which through excessively long storage may lose 
their morphologic integrity by the fracture or loss 
of tail tip or head-piece, the galea capitis. 

The physical changes that accompany normal 
maturescence in spermatozoa are less obvious than 
the afore-mentioned aberrant structural changes 
and are essentially on a molecular order of magni- 
tude. During the passage of the sexual cells through 
the male genital tract, for example, the individual 
cells become denser and show an increase in spe- 
cific gravity; water seems to be literally squeezed 
out as it becomes less tightly bound by the surface 
lipids, which themselves undergo molecular re- 
organization (7). Reabsorption of water is known 
to be one of the functions of the mucosal lining 
of the epididymis (8) 

These changes in surface lipids and in the water 
content of the maturing gametes parallel and may 
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account for the gradually decreasing resistar ce tg 
sudden thermal reduction—‘‘cold shock”—in 
spermatozoa. ‘This phenomenon was discover: 
and continues to be of importance to, the < 
husbandry industry. Refrigeration of sperma 
suspended in nutritive diluent, at a few devree; 
above freezing is still the preferred technique fo 
storage, despite the growing success in vit 


Ider 
1 by. 
imal 


)Z04. 


lying 
spermatozoa for long periods at the exceptional; 
low temperature of Dry Ice or liquid nitrogen. 
The idea of sperm storage, however, is not some. 
thing confined to an icebox—merely the _preser- 
vation of chilled semen for practical purposes, 
valuable as this may be. Actually, storage of sper. 
matozoa begins in the male genital tract, the differ. 
ence being that here, in situ, slow physiological 
changes occur, and at the temperatures of the ani- 
mal body and of the scrotum. Indeed, the cells 
may spend many days in transit through the mak 
ducts. Carefully 
clearly shown, for example, that the trip throug! 


controlled experiments _ hay 
the narrow but extensive tubules of the epididyn 
requires about 2 days in the fowl, close to a we 
in the rabbit and ram, and at least a fortnight i 
' fomes 

how 


the guinea pig and in man 

Experiments to determine long stor 
spermatozoa can remain capable of motility or « 
fertilization within the male genital ducts hay 
clearly shown that fertilization capacity is invari- 
ably lost first, and that sperm motility thereto 
is not a valid criterion for fertilization capacity 
Thus, although rat and guinea pig spermatozoa 
trapped in the epididymis retain fertilization ca- 
pacity 3 to 4 weeks, they may remain potentiall) 
motile for a period twice that long (/0). 

The survival times of mammalian spermatozoa 
in the male genital tract generally far exceed thos 
in the female tract. Here, the duration of survival 
is usually 1 or 2 days, depending on the particula 
species and the phase of reproductive cycle. Evy- 
ceptions are known, to be sure, in the functiona 
persistence of male sexual cells, but these ar 
limited to birds and to such quasi-hibernating 
mammals as bats. 

The survival of spermatozoa—the duration o! 
motility and of fertilizing capacity-—reflects the 
environmental conditions of the various sections 
of the male and female genital tracts—the sources 
of energy substrates (sugar, phospholipid, and so 
forth), hydrogen ion concentration, oxygen ten- 
sion, and the like. The greatest single factor that 
characterizes the responses of spermatozoa, how- 
ever, lies within the cells themselves, namely, thei 
ability to adapt rapidly to changes in their bio- 
chemical environs, to vary their metabolic patter, 
and to utilize different available substrates. ‘lhe 
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The end of the human sperm tail fixed in 1 percent osmic acid vapor and demonstrated in an electron 


aph prepared by Richardt Hammen of Copenhagen (16,000 x). Ten prominent but slender axial filaments, 


jay themselves split, project from the spiral sheath. 
laments in all vertebrate and invertebrate sperm range from nine to eleven in number. 


ive increase in metabolic activity at ejacula- 
epresents a shift from a pattern characteristic 
motile, long-lived cells to that characteristic 
tremely active, short-lived, energy-devouring 
etes. With a veritable unleashing of metabolic 
trols and the temporary acquisition of exogen- 
‘nergy substrates, the spermatozoa are ir- 
ocably directed into a path of self-imposed 
istion. 
lhe immotility of spermatozoa within the male 
tal tract is an energy-saving device secundum 
um and results from a combination of three, 
erhaps more, factors: the reduced oxygen ten- 
the absence of any appreciable quantity ot 
ir, and the restraints upon the adenosine tri- 
osphate energy-transfer system. ‘This series of 
cks and balances discourages both aerobic oxi- 
tion and anaerobic glycolysis and prevents mo- 
The frequently suggested role either of car- 
dioxide accumulation or of high acidity as an 
bitor of sperm motility in the tract is, at best, 
minor importance. 
When freed from the limiting confines of the 


as deferens, as at the moment of ejaculation (01 
emoved from the epididymis and suspended in 
saline solution) , the gametes rapidly become vigor- 


motile. With metabolic curbs removed and 
adequate supply of hexose available from the 
esory gland secretions, a high rate of sugar 
yation—that is, glycolysis—is instituted (Fig. 
By artificially excluding sugar and by substi- 
ng for it—with phospholipid, for example 
tro, glycolytic activity may be replaced by oxi- 
ve respiration. In either instance, sperm mo- 

is assured by the energy made immediately 
lable by the enzymatic breakdown of adenosine 
hosphate, the labile compound that also plays a 
tal role in muscular contraction (//). Since 
tose is the primary energy substrate in the 
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These filaments extend the length of the flagellum. The 





semen of most mammals, the supposition 1s that 
after insemination this sugar constitutes the corner- 
stone for a elycolyti type ol metabolism. How- 
ever, since only moderate, if any, quantities of 
sugar can be demonstrated in the female tubal 


fluids and an indeterminate but limited amount of 
seminal fructose is carried into the female genital 
tract, it 1s sheer conjecture to assign, as yet, a 
metabolic pattern to inseminated spermatozoa. An 
oxidative metaboli process, even one that ulti- 
mately utilizes the stored phospholipid reserves ol 
the spermatozoa themselves, may provide the 
necessary energy for the 1- to 2-day survival within 
the female tract. 

Various agents have been utilized in vitro to 
retard the runaway metabolism of seminal sperma- 
tozoa and thereby to extend their length of sur- 
vival. ‘This is of importance, of course, when semen 


is required for artificial insemination. Certain 





Fig. 4. Extrusion of anterior tip of head of the sea 
urchin sperm (right) treated with eggwater containing 
fertilizin derived from the eggs of the same _ species 
After such change the sperm is no longer capable of 
fertilization. Untreated sperm shown on the left. Photo- 
graph supplied through the courtesy of J. C. Dan, of 
the Misaki Marine Biological Station, Japan. 
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chemical reagents, such as_ triphenyltetrazolium 
which temporarily interrupts vital enzyme _reac- 
But 
tool in this connection is certainly the 





tions, are moderately effective (12 the best 





lowering 





of temperature. ‘The fertilizing capacity of bull 





spermatozoa, for example, is extended from a day 
to a week by refrigeration in nutrient mediums. 






The modern technique of vitrification, moreover, 





by which spermatozoa are reduced to the extreme 





subzero temperature of Dry Ice, liquid nitrogen, 





or liquid hehum, appears to be a way of storing 
When 


after such treatment, the sexual cells of man and 





sperm perhaps indefinitely (/3). thawed 





those of many other mammals have proved capable 





of fertilization. As a physical inhibitor of meta- 
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Soth sienificant and useful are these 





bolism, this method is without parallel. Just 
happens to cells maintained indefinitely at say 
C, 


the temperature of liquid heliu 


open to speculation: so treated, “the iramozrialit 


for controlling in viiro the activity of sexual cells 


controls imposed on 


and what changes activate them at 


ejaculation. ‘The seminal spermatozoa, both of tl 
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of the germ plasm” literally becomes a_ physical 
reality! 


procs res 


More engaging at the moment are the metaboli 


the spermatozoa reside; 


within the genital tract. Recent work at the Un 
versity of Wisconsin has given us a better under. 
standing of what may transpire within the cel) 


the time ¢ 


Pructose-6-phosphate 


(phosphohexokinase) 
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Pructose-l1, 6-diphosphate 
(aldolase) 
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(triose phosphate dehydrogenase) 
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(PGA transphosphorylase) 
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(phosphoglyceromutase) 
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Fig. 5. The probable glycolytic and oxidative pathways occurring in mammalian spermatozoa. The critical enzy 
systems and substrates have been demonstrated in vitro in suspensions of bull and sheep sperm. All reactions 
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us oxygen uptake and utilization of ex- 
sugar as compared with spermatozoa re- 
m rom the epididymis. This increased ac- 
tiv sults from the stimulation by a compound, 
tly a polypeptide with active sulfhydryl 
that is bound in an inactive form in epi- 
did | spermatozoa and is gradually liberated 
tically after ejaculation (/4). The addition 
i “metabolic regulator” to suspensions of 
epidiiymal spermatozoa renders them more active 
and therefore more like seminal spermatozoa. ‘Thus 
the adual the 
themselves increases their rates of metabolism and 


release of substance from cells 
ty and, incidentally, sets in motion the final 
catabolic spurt which must end either in destiny 
or demise. 
Lhe loss of “‘metabolic regulator” is not the only 
material decrement from spermatozoa as they ap- 


proach fertilization. Specific enzymes also appear 


to be cast off from the cells. ‘The enzyme 
yaluronidase, for instance, acquired while the 
spermatozoa are in the testes, is gradually lost 
rom the surface as the spermatozoa migrate 


through the genital tracts. his does not contra- 
dict the fact that this 
nzyme is still present at the time of fertilization, 


some of much-discussed 
thus enabling the gametes to penetrate the cumu- 
is OOphorus, the residual layers of follicular cells 
irrounding the ova. But much of the enzyme has 
been lost in transit. Cytochrome c is also leached 


from the spermatozoa as they age, but sufficient 


juantities remain to enter into the oxidative re- 
ictions of the cells. 

Just as some complex surface substances are re- 
moved from the spermatozoa during maturescence, 
ind others are modified, certain reactive groups 
seem at that time to make their first appearance. 
Such an aggregate is that of the agglutinating sub- 
stances of rabbit spermatozoa which are here at the 
time of fertilization. The sperm agglutinins can 
interreact with water-soluble complementary sub- 

| with the 


stances derived from rabbit result 
that the motile spermatozoa are agglutinated, in 


OVA, 


a manner similar to the response of invertebrate 


spermatozoa to “fertilizin” (Fig. 6) (75). These 
demonstrations of sperm agglutination in the pres- 
ence of ege substances, in vitro, suggest a serologic 


or in the initial stages of mammalian fertili- 
ation. Although this specific reaction is obvious in 
suspensions of seminal spermatozoa, it is less in- 
tense in preparations of germ cells removed from 
epididymis. The 
ear to be either exposed or activated with age 


agglutinating complexes 


transport through the genital tract. 
arse as the evidence is and incomplete as the 
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d the bull, were shown to have a higher 


( 


the fact of 
maturescence is clear and its meaning significant. 


tentative explanation may be, sperm 
Important is the understanding that many modi- 


fications—physiological and invisible—can and 
must take place in the structurally differentiated, 
so-called ‘mature,’ male germ cells. Estimations 
of functional quality, based on morphologic cri- 
terions, are at best only crude approximations. 

Measures taken to improve semen quality— 
that is, to favor sperm transport and conception 
must reckon with the protean nature of sperma- 
tozoa and of their interactions with their environ- 
ment. By the same token, further steps adopted 
to limit conception by interfering with the normal 
activities of the male gametes are more likely to 
become strides if the diversity of sperm activity is 
appreciated. As with these relevant, if not in all 
ways practical, considerations, a comprehension 
of the gradual attainment of fertilizing capacity by 
spermatozoa is paramount in approaching such 
technical problems as attempts at fertilization in 
vitro. 


With 


underlyine 


regard to an explanation of the possible 


and mechanics of the various 


causes 
aspects of maturescence, we can as yet only hazard 


calculated eouesses. ‘The predominant changes oc- 





cur only im situ; at least our methods of sperm 
culture are not yet satisfactory to provide, in 
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Fig. 6. Agglutination of rabbit spermatozoa by exudates 
froin the rabbit egg, shown in center. This reaction is 
irreversible but is otherwise similar to the usual reaction 
f invertebrate sperm to fertilizin 
9] 





lor the modifications that occur within the organ- 
ism. That some of the changes are intrinsic charac- 
teristics of the gametes is apparent; others reflect 
the interactions of the spermatozoa and their im- 
mediate surroundings. Until these mutual rela- 


tionships are more clearly understood the prob- 


lems will be before us. 
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The flame that lit great Galileo’s eye 
and flashed his mind to Jupiter’s pale moons 
burned bright in Fermi, searching another sky, 


reading the script of subatomic runes, 


piercing the atom’s whirling outer shell, 


making the meson’s nuclear secret clear, 
kindling plutonium fire, flinging a hell 
of fissioned flame beyond the stratosphere. . . . 


He never faltered, never failed the faith 


that knowledge gained will serve the human quest 


to nurture life and slay the ancient wraith 

of fear, that man will meet his final test. 
Knowledge and love: man’s best—and only—hope: 
Science reveals the cryptic horoscope. 


Reap Bain 
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Science as a Social and Historica 
Phenomenon 


These four articles—by H. Guerlac, E. C. I 


by the authors on papers read by them as part 


historical phenomenon” that comprised the final part of a five-part con 


subject Validation of Scientific Theories held 
Gerald Holton of Harvard University was chairm 
The papers for the preceding four parts, 


theories,’ “The present state of operationalism,” 


“Organism and machine,” appeared in the Septe 


based 


and R. a. € ohen are 
social and 


t 
ference on the 
Dece mber 


Koyreé, 


syn postum on 


JZoring, A. 


lg, 
o> the “Science as a 
general 
. ! -9 
in Boston, Massachusetts, in 1953 


an for the symposium. 
on “Reasons for the acceptance of scientift 
e y } 

Psyel oanatlysts and 
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October. Novembe 
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Some Aspects of Science during the 


French Revolution 


Dr. Guerlac, 
presently on leave at 


He was trained in biochemistry 


history at Harvard U 
Uni 


of science at the 


HE late 18th century, including the period 
of the French Revolution, richly re- 
warding field of study for anyone concerned 


is a 


with the influence of science upon society, or with 
the impact of social change upon the work and 
thought of scientists. Never before, and_ rarely 
since, has science enjoyed such unalloyed esteem as 
it did in the Europe, especially the France, of the 
\ge of Enlightenment, when it had for its advo- 
cates and propagandists the outstanding men ol 
letters and social theorists from Montesquieu and 
Voltaire to Condorcet and Volney. Inspired by the 
writings of Descartes and Newton, these men drew 
confident arguments from the realm of physical 
law in their campaign to bring a similar rule of 
reason, law, and harmony into the inherited social 
institutions of their day. From science and its re- 
ent history, moreover, they took their most com- 
pelling examples of intellectual progress, finding 


4 


port therein for their gilded vision of indefinite 


s 


ian perfectibility. 

his favorable climate of opinion helps explain 
the mysterious concatenation of events discussed 
his paper: the fact that the greatest period of 


who ts profe ssor 


HENRY GUERLAC 


hist f ’ if 
history of sctence al 


of the Cornell University 1s 
the Institute for Advanced Study, Princeton, Neu 


at Cornell and took his doctorate in Eur pean 


7 
FETSE). 


niversity. In 1941 he founded the department of histor 
ersity of Wisconsin and from 1943-46 served as histortar 
of the OSRD radar research 


French scientific leadership coincided almost pre- 
cisely with the Age of Revolution; and that the 
time of Mirabeau, Danton, Robespierre, and Bona- 
parte was also, I need hardly point out, that ol 
Lagrange, Laplace, Monge, Condorcet, and many 
other illustrious names in mathematics, physics, 
and astronomy; of A. L. 
Cuvier, and Geoffroy Saint-Hilaire in botany, zool- 


de Jussieu, Lamarck, 


of Bichat in physiology and 
Berthollet, the 


ogy, and paleontology: 


anatomy; and of Lavoisier, and 


other French founders of modern chemistry. 
What is difficult to comprehend 
view of the persistent tradition that the spirit of 


espec ially in 


the Revolution was detrimental, if not actually 


antagonistic. flow- 


to science—is that this scientific 
ering was not fatally arrested or totally destroyed 
by the distractions of the Revolution, by the blood- 
of emi- 
the 


Consulate, and the Empire. Yet this was clearly 


bath of the Terror. by the mounting wave 


gration, or by the endless wars of the Republic, 


generation of the Na- 
that of 
Sadi Car- 


rich if 


Phe scientific 
poleonic the 
Arago, Poisson, Magendie, Gay-Lussac, 
the 


not the case. 


period and Restoration 


not. Cauchy, Fresnel, and rest—is as 











not richer in talent than the generations that came 

before. Yet we look in vain for truly comparable 
achievements in the art, the music, or the belles 
lettres of this revolutionary period; and we are 
forced to the conclusion that the national energy 
and the great social ferment that overthrew the 
Old Regime, spreading a new democratic gospel 
across Europe by flaming word and glinting bay- 
onet, found its greatest cultural expression in sci- 
entific accomplishment. 

Science and its practitioners played a notable 
role in the intellectual preparation for the Revo- 
lution as well as in the seething events of the Revo- 
lution itself. What this may have amounted to I 
can only summarize, in full realization of the com- 
plexity of the problem and the monographic work 
that remains to be done. My main purpose in this 
essay is to examine in preliminary fashion what 
happened to scientific progress, to scientific insti- 
tutions, and to scientists themselves during the 
great Revolution, and to offer a general picture, 
tentative at best, that may help awaken the interest 
of other scholars in these problems and _ reveal, 
perhaps through my own errors, the gaps in our 
knowledge. 

I 

In the decade before the Revolution, European 
science felt the loss of such outstanding figures as 
Euler, Linnaeus, Daniel Bernoulli, and the great 
northern chemists, Scheele and Bergmann. In 
France, d’Alembert died in 1783 and Buffon in 
1788. Despite these losses, this was throughout 
Europe a time of extraordinary productivity and 
promise in the world of science, with France and 
England unquestionably in the lead, but with 
Switzerland, Italy, the German states, and Scandi- 
navia boasting many proud names. As if to put the 
seal on France’s acknowledged leadership, the emi- 
nent mathematician Lagrange, a native of Turin 
who for 20 years had been the beacon light of the 
Prussian Academy, left Berlin in 1787 after the 
death of Frederick the Great and took up his resi- 
dence in Paris. It was here that he published in 
the following year his great Mécanique analytique 
under the auspices of the Royal Academy of Sci- 
ences. In 1789, the year of Revolution, there ap- 
peared three of the acknowledged classics of French 
science: A. L. de Jussieu’s Genera plantarum; 
Philippe Pinel’s Nosographie philosophique; and 
Lavoisier’s epoch-making Traité élémentaire de 
Each work in its own domain—botany, 
was both a fulfillment 


chimie. 
medicine, and chemistry 
and a new departure. 
The swiftly moving events of the Revolution’s 
first phase-—the convening of the Estates General, 
the disorders in Paris and the provinces, the aboli- 
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tion of inherited privilege, the creation of a 

tutional monarchy—found the scientists 1 ‘ithe, 
aloof nor unprepared. Having taken an activ par 
in the liberal movement of the previous de ade: 
they welcomed the first phase of the Revo utio; 
with enthusiasm; indeed men like Bailly, Cop. 
dorcet, and Lavoisier had played their modes. par 
in bringing it about. Politics already infringe 
upon science, disturbing the tranquility o! th 
laboratory and penetrating the fastnesses o! th; 
Academy of Sciences. On 4 July 1789 the Acaceni. 
cians took the unprecedented step of expressing t 
their fellow-member, the astronomer Bailly, thei 
satisfaction at the manner in which he had per. 
formed his duties as president of the National As. 
sembly; and later in the month the members « 
the Academy went in a body to Bailly’s residenc 
in Chaillot to pay their respects to him. Yet on th 
day following the storming of the Bastille the Acad- 
emy held its regular meeting with 23 member 
present; technical papers were presented, and the: 
is no echo in the procés-verbaux of the storm rag. 
ing without (7). Throughout the remainder o! 
1789 and well into 1790, fundamental scientifi 
questions continued to dominate the meetings o! 
the Academy (/). Laplace read a series of im- 
portant papers on celestial mechanics; Coulom! 
presented his sixth memoir on electrostatic experi- 
ments with the torsion balance; Lavoisier and 
Seguin reported on their classic experiments on 
respiration and heat regulation in man and othe: 
animals, the last work on pure science carried out 
by the senior partner (2). There was great interest 
in current English work in observational astron- 
omy; money was even set aside to build a great 
reflecting telescope, modeled upon the great instru- 
ment with which the great English astronomer, 
William Herschel, was busy charting the nebulae 
and observing the rings and satellites of Saturn (3 

But concern about the effect of the revolution- 
ary tensions and of the obsession with political 
events is reflected in the correspondence of the 
scientists. In August 1789 the chemist Berthollet 
wrote to James Watt (4). 

While you are occupied tranquilly with scienc: 
and the useful arts which owe you such great obli 
gations, we have been obliged to lose sight of then 
The ferocity of the great nobles, the insurrection 
of the citizens, the fury of the people, the scourg: 
of famine have absorbed ali our attention; yet om 
must return to peaceful occupations, and one cat 
begin to enjoy the pleasures of study. I am takin 
up my experiments once more, 


And the mathematician Gaspard Monge, toward 
the end of the same year, commented to the sari 
correspondent (J) : 
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{evolution occupies every mind, each in his 

hion; and science is the loser. May God 
to a swift conclusion, for we shall lose the 
work and the love of science. 


r wrote in like vein to the Scottish chemist, 
jose) Black, lamenting the interruption of scien- 
ti ivity and expressing the hope that calm 
sperity would soon allow the scientists to 
o their laboratories (6). While from Chap- 
il. founder of French industrial chemistry, 
ve the following cautious appraisal of the 
oppo: tunities and dangers that lay ahead (7). 

he revolution which is taking place is a beauti- 
ful thing, but I wish it had arrived twenty years 
avo. It is annoying to find oneself under a house 
that is being torn down, but that is precisely our 
position. In this general confusion, in this 
torrent of passions, the intelligent man studies the 
role he should play: but it seems just as dangerous 
to remain outside of the excitement as to par- 

te ipate. 

As these letters indicate, the scientists were being 
inexorably drawn into the revolutionary turmoil. 
In 1788 Lavoisier had prepared a long memoran- 
dum on the proper constitution of the Estates 
General; early in 1789 he took a major part in 
drawing up the cahier of grievances to instruct 
the representatives of the nobility of Blois; and in 
May he was chosen alternate deputy to the Es- 
tates General. The astronomer Bailly was one o! 
the political leaders of the first Revolutionary as- 
sembly; and shortly afterward was chosen the first 
mayor of Paris. ‘The mathematician Condorcet. 
Perpetual Secretary of the Academy of Science, 
plunged at once into the journalistic and political 
activity that led to his election—along with such 
other scientists as Tenon, Lacépéde, Fourcroy, and 
Guyton de Morveau—to one or another of the suc- 
ceeding assemblies. Other scientists were active in 
the Paris sections, or Revolutionary districts and 
served in battalions of the National Guard. 

By the time of the acceptance of the constitu- 
tion in September 1791, the moderates—and they 
included all but a handful of the younger scien- 
tists hoped, as we have just seen, that the violent 
and disruptive phase of the Revolution was at an 
end and that the time had come to plan construc- 
tively for the future. To this end there was founded 
in April of 1790 a short-lived but influential asso- 
ciation called the Society of 1789, which aspired 
to be the intellectual guide and official planning 
agency of the new society and its elected assembly. 
Besides well-known liberals and reformers of the 
pre-Revolutionary period—Brissot, Dupont de Ne- 
Mirabeau, Talleyrand—it included influ- 
ental members of the Academy of Sciences: Con- 
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dorcet and Lavoisier; the mathematician Gaspard 
Monge; the biologist Lacépéde and Lamarck, and 
others (8). Briefly, from June through September 
1790, this society published a journal, edited by 
Condorcet, which is our only direct evidence of 
what transpired in their meetings and to the 
philosophy that pervaded them. The society’s 
avowed purpose (9) was to aid and promote 
all discoveries useful to the progress of l’art 
social, to encourage those being made in these 
sciences themselves and to gather together sugges- 
tions relative to public institutions that may be 
formed for public welfare and for education. 


A perusal of this short-lived journal shows that, 
besides treating in rather high-flown and abstract 
language such basic social problems as the rights 
of women and the proper foreign policy for a free 
nation, it devoted space to the discussion of the 
national economy and the importance of a scien- 
tific technology (10). read a famous 
paper on the assignats and the inflationary dangers 
of a paper The chemist Hassenfratz 
wrote on the importance of promoting the useful 
arts; contributed a long article on the mineral 
resources of France and the possibilities of develop- 
ing them; and described in another number recent 
advances in chemical industry: LeBlanc’s famous 
soda process and Bertholett’s use of hypochlorites 


Lavoisier 


currency. 


for bleaching. 

In the discussions of this society are to be found, 
I believe, the germs of many of the constructive 
revolutionary accomplishments: the various efforts 
undertaken to stimulate productive industry and 
invention; possibly also the great reform in weights 
and measures and the creation of the metric sys- 
tem although this had earlier antecedents; but 
above all, although direct evidence is lacking in the 
Journal, the plans for new educational and scien- 
tific institutions, such as those later elaborated by 
Talleyrand and Condorcet. 

The philosophy of science, or rather of social 
science, that guided these men is worthy of a mo- 
ment’s attention. It centers upon Condorcet’s con- 
ception of a unified social science, an art social, 
based upon a collaboration and unification of the 
sciences according to a common spirit and, where 
possible, a common methodology. The vision of 
what Comte was to call sociology is clearly discern- 
ible in the manifesto of the society drawn up by 


Condorcet (// 


There should exist for all societies a science of 
maintaining and extending their happiness: this 
is what has been called l’art social. This science, 
to which all others are contributors, has not been 
treated as a whole. The science of agriculture, the 
economics, the science of government 


science of 
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. are only portions of this greater science. ‘These 
separate sciences will not reach their complete de- 
velopment until they have been made into a well- 
organized whole. . . . And this result will be ob- 
tained sooner if all the workers are led to follow 
a constant and uniform method of work. 


If one asked of Condorcet how such a unifica- 


tion of the sciences could be brought about, how 


the experimental and mathematical spirit of the 
natural sciences could be transferred to the sciences 
of man and society, he would not have agreed with 
the early system-builders of the 18th century, or 


with John Stuart Mill, that it is enough to build 
aprioristic deductive systems in imitation of the 
great scheme of classical mechanics. Condorcet 
placed his faith in what he called social mathe- 
matics, embodying the twin disciplines of social 
statistics and mathematical probability, subjects to 
which he had contributed, together with Laplace 
and Lavoisier, in the years before the Revolution. 
Just at this time he was preparing a popular ex- 
position of social mathematics in his Elémens du 
calcul des probabilités, for he saw in it a useful in- 
strument of social improvement and reform. In his 
preface he explains why he feels that social mathe- 
matics was at this moment indispensable; and he 
continues (/2) : 


When a Revolution has ended, this method of 
treating the social sciences takes a new direction 
and acquires a greater degree of utility. In fact, 
to repair promptly 


the dislocations inseparable 
from 


every great movement, to restore general 
prosperity, one needs stronger methods (than mere 
argument], means calculated with greater precision, 
supported by unattackable proofs in order to en- 
sure the adoption of needed reforms in the face of 


selfish interests and base faith. 


We hardly need to remind ourselves that when 
the Revolution had not ended 
but was moving with torrential rapidity toward 
greater confusions and dangers, in which science 
and scientists alike suffered. Later men like Que- 
telet, Cournot, and Auguste Comte in the 19th 
century were to pick up, each in his own fashion, 
the prophetic program that Condorcet was obliged 
to abandon. 


Condorcet wrote 


II 


Even before the outbreak of war in 1792, the 
demands of a succession of revolutionary govern- 
ments upon the Academy of Sciences and its mem- 
bers left little time for normal activities. By all 
odds the most time-consuming and exacting re- 


sponsibility—overshadowing such requests as that 


the Academy examine and test silver vessels taken 
the 


from ci-devant churches and recommend 


96 





proper method of reconverting the secu 


church bells of bronze and _ bell-metal—w < ¢h, 
great project for the standardization and rat. sna}. 


zation of the system of weights and measui s, f; 
a decree of 8 May 1790 the National As 
charged the Academy of Sciences with dete mj 
ing the best scheme, based upon some un 
standard found in nature, that might be adopte 
by all nations. Early in 1791 the Academy com. 
mended a decimal system of units, derived from 

unit of length, the meter, to be established b 
detic measurements. After a favorable report 
Talleyrand to the Assembly, the Academy 
signed the task of making the basic measure: 
and preparing a reliable set of primary standards 
This involved a long and tedious series of opera. 
tions, still not completed when the Academy wa: 
abolished in August 1793. 

Despite this drain on its personnel and energ 
the Academy continued regular sessions until tl! 
summer of 1795. Even in the final 6 months of it 
existence, regular meetings were still being held 
although the exigencies of national defense an: 
the mobilization of science for war—one of th 
earliest such phenomena in history—sometimes 1 
duced the participants to a mere handful. Th 
Academy even continued its practice of announcin 
the subjects of annual prize contests (/3). A sub: 
ject proposed for the year 1793 is of special in- 
terest. ‘The prize was to be awarded for the best 
theoretical analysis of the operation of steam en- 
gines, with a discussion of methods for their im- 
provement (/4), surely one of the most importan' 
technical problems of the time. No prize was actu- 
ally awarded, although it was again announced i: 
1793 for the year 1795, no memoirs having beer 
received, and the problem was finally attacked for 
the first time a generation later by Sadi Carnot 
the son of the man who in these years was organ- 
izing the victory of the Republican armies. 

During this crucial period the collapse and de. 
struction of many of the venerable scientific insti- 
tutions had an equally damaging effect upon the 
progress of science. The Imprimerie Nationale, 
now flooded with job-printing for the government, 
could no longer serve, as it had throughout th 
18th century, for the publication of scientific books 
Important serial publications, among them tli 
Journal des savants, the Mémoires of the Academy 
of Sciences, and even the newly founded Anna! 
de chimie, were suspended because of lack of fu ds 
or contributors. But the most serious blow was 1! 
suppression, in August 1793, of the venerable Ac d- 
emy of Sciences. 


The detailed story of the Academy’s fall has \ 
to be written, and I shall not attempt it here. ‘ts 
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fate, and that of the other royal acad- 
vas heatedly debated from 1790 to 1793. 
\\ he monarchy lasted, eloquent voices were 
) preserve it virtually unchanged, but vitri- 
icks had already begun, both within and 
the assemblies, demanding its immediate 
n as an aristocratic remnant of the past, 


in a “school of servility and falsehood.” Ef- 
fe pamphleteers, chief among them J. P. 
Marit, attacked the Academy and its members un- 


fully in the public press. As far as I have 
ible to judge the plan most widely favored 
or cxample, by men like ‘Talleyrand and Con- 
lorcet——was to effect a peaceable transformation 
ademies, including the Academy of Sciences, 
nto learned bodies more acceptable to the new 
limate of opinion; until this could be effected it 
vas hoped to continue the Academy virtually un- 
hanged. These tactics were very nearly successful, 

s they proved to be in the case of the Jardin du 
Roi. which emerged enlarged and strenethened as 
the Muséum d’Histoire Naturelle, a research center 
of great importance. Disagreement within the 
\cademy of Sciences brought delay, and delay was 
fatal. While defending the academies before the 
Legislative Assembly in 1791 the Abbé Grégoire 
made known that the academies were, of their own 
accord, reforming their statutes to put them in 
harmony with the new era and erasing traces of 
their monarchical past. ‘There is evidence that such 
a draft of new statutes was actually prepared by 
the Academy of Sciences, but it seems to have been 
without effect (75). 

On 8 August 17935, Grégoire read to the Con- 
vention a report on behalf of the Committee of 
Public Instruction in which he proposed the sup- 
pression of the academies, in order to reorganize 
these bodies, as he put it, in the light of human 
wisdom and progress. ‘The Academy of Sciences 
lone, by virtue of his special utility, was to escape 
suppression. But the Convention was in no mood to 
brook exceptions; after a vituperative speech by 
the painter Louis David, the Academy of Sciences 
was extinguished with the others. ‘The members 
were even denied the privilege of constituting 
themselves a Free Scientific Society and of using 
their accustomed meeting place in the Louvre. 
lhe doors and after, 
hese echoing chambers were invaded by an army 


were closed sealed: soon 
ol tailors, busy stitching uniforms for the Revolu- 
tionary armies, while workers removed the last ves- 
tiges of monarchical symbolism from the walls. 
‘veral years were to elapse before the construc- 
ve plans of the Convention replaced or success- 
i remodeled the older institutions. 


Under the Directory, harried as it was by inflation 
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and war, there nevertheless were miraculously 
established those scientific institutions which were 
to be the boast and pride of France during the 
succeeding century: the Institut de France, the 
Ecole Polytechnique, the Conservatoire des arts et 
metiers, the brilliant but ephemeral Ecole Nor- 
male, the Muséum d’Histoire Naturelle. The re- 
sult of prolonged planning and debate, going back 
1789 
and in the early Revolutionary assemblies, the final 
formulation of these plans must be credited to the 
ruthless and determined of 


at least to the discussions in the Society of 


Convention, the most 
the Revolutionary governments. This fact was con- 
veniently forgotten by the writers and propagan- 
dists of Napoleonic days, who left the impression 
that Bonaparte, almost singlehandedly, had saved 
French science, which the Jacobins had sought to 
destrov. 

Soon after the collapse of the Academy, organ- 
ized scientific work came to a virtual standstill. 
Under the Jacobins’ iron rule, the Republican 
Conservatives— the 


herded to public execution in the Place de la Révo- 


Girondist opposition—were 
lution. The astronomer Bailly joined Philippe Ega- 


lité. Mme. Robes- 


pierre in the tumbrils of the guillotine. The mem- 


Roland. and lesser enemies of 
bers of the General Farm, the tax-collecting cor- 
poration of the Old Régime, were arrested in the 
fall of 1795, the chemist 
Tried before the Revolutionary ‘Tribunal on 8 May 


Lavoisier among them. 
1794 and convicted of a specious charge of con- 
spiring with the enemies of the Republic, all were 
executed on the The com- 
munity stood in appalled confusion. Many, like 
it was 


same day. scientific 
Laplace, found hiding places in the country 

in such circumstances, for example, that he com- 
pleted his popular Systéme du monde). Trapped 
on the outskirts of Paris, Condorcet is said to have 
taken his own life with poison foresightedly ob- 
tained from his friend Cabanis, the physician and 
philosopher (/6). Yet it is astonishing to record 
that no scientist of note joined the flood of emigrés, 
which reached its peak in these years. Against none 
of the scientists, moreover, can a charge of coun- 


terrevolutionary activity be seriously maintained. 
On the other 


coworkers 


Monge, or Berthollet, all of whom were serving 


hand, few of Lavoisier’s erstwhile 


not Fourcroy, Guvyton-Morveau, 
the Convention—raised a voice in his defense. nor 
had they openly Jailly. 
Political passion, fear, and perhaps personal re- 


protested the arrest of 


sentments may explain, but cannot condone, this 
conduct. 

After 9 27 July 1794 
pierre fell, sanity returned and the scientists could 


Phermidor when Robes- 


survey the wreckage. The vandalism toward the 
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scientific institutions, the execution of Bailly and 
Lavoisier, were at once held up as among the most 
abominable of Robespierre’s crimes. Condorcet was 
accorded his apotheosis as patron saint of a new 
learned publication, the Décade_ philosophique 
founded in 1794, organ of the so-called ‘Idéo- 
logues.” In Millin’s Magasin encyclopédique there 
appeared, the year following the execution of the 
Farmers General, the first biographical sketch of 
Lavoisier, a factual but moving account by his 
long-time friend, the astronomer Lalande (/7). 
The same year a somewhat nauseating memorial 
service was held for Lavoisier at the Lycée des arts, 
the main feature of which was a ponderous culogy 
by Fourcroy, the erstwhile Jacobin, who sought to 
defend his failure to aid Lavoisier (/8). 


III 


It is of some interest that even during these crit- 
ical years, and before the creation of the new scien- 
tific institutions, a thin but persistent thread of 
scientific activity is clearly evident. Private initia- 
tive took over where the public institutions gave 
way or were destroyed. The old Lycée de Paris, a 
center for public lectures founded in 1780, took on 
considerable importance until it was shunned for 
harboring men suspected of antirevolutionary pro- 
clivities. Its more scientific and utilitarian compet- 
itor, the Lycée des arts, was founded in 1792 and 
flourished through the darkest days of the Terror. 
It stressed the application of science to the useful 
arts, and among its outstanding lecturers were 
Fourcroy, Berthollet, Daubenton, and Jussieu (19). 
Millin’s Magasin encyclopédique, begun in 1792 
but not firmly established until 1795, gives a pic- 
ture of its activities and was in some respects its 
organ. 

Of more importance for fundamental scientific 
work were two new societies whose rebirth, in one 
case, and prosperity, in the other, were due to the 
conditions I have described, The first of these, the 
Societé d’histoire naturelle, had been founded, only 
to disband, in 1788. It was revived after the Revo- 
lution, and an English commentator wrote of it as 
follows in 1793 (20). 


. the disadvantages to which it was exposed, in 
common with the non-privileged societies, under 
the old government, and the jealousy of some of 
the protected literary bodies |i.e. 
soon caused its dissolution. 


the Academies 


After the revolution, its founders, however, re- 
united, extended their plan, and_ instituted the 
present Society of Natural History, which was 
joined by all the naturalists of the capital. 

The object of their labours is Natural History in 
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general, but especially that of France, and in jar. 
ticular of the environs of Paris. . . . New resea 
are to be made by means of periodical excu 
taken by the Society, either in the country, a: th 
proper seasons of the year, or to gardens, mus¢ ns, 


>t ae 


This is rather too peaceful and bucolic a p ctury 
for this period of general harassment, but it \s cer. 
tain that the society became genuinely active afte; 
Thermidor. It was frequented by the professors 0 
the Muséum d’Histoire Naturelle, which had ear) 
made its peace with the Revolution and where sub. 
stantial scientific work was being accomplished by 
men like Lacépéde, Lamarck, and Cuvier. Signif- 
cant papers by these men and others were put 
lished in the society’s Journal, which appeare 
briefly in 1792, and in its Mémoires, first published 
in 1799 (27). 

A second and distinctly more important scien- 
tific society owed its inception, like the Natura 
History Society, to the fact that it was no longe: 
necessary to obtain royal approval (and, in addi- 


tion, at least the passive acquiescence of the Acad 
emy of Sciences) for a society holding. scientit 
meetings and issuing a regular publication. ‘This 
was the Société philomatique, which played a ver 
useful life of this troubled 
period and has continued to this day. Beginning i 
1788 as an informal discussion group of six almost 


role in the scientific 


unknown physicians and scientific amateurs, it was 
joined, in September 1789, by the young chemist 
Vauquelin and a few others. These men consti- 
tuted themselves a regularly organized scientifi 
society, with dues, correspondents, and the project 
of publishing a monthly Bulletin or journal. Its 
membership increased slowly between 1790 and 
1792, but as yet it attracted no important scicn- 
tists. But suddenly, after the suppression of th 
Academy of Sciences, distinguished names wer 
added to the roster. In 1793 the Société philoma- 
tique was joined by Berthollet, Fourcroy, Monge. 
Lamarck, and Lavoisier, that is to say, by the ac- 
knowledged luminaries of the ci-devant Academ) 
of Sciences. Between the time the Academy was 
abolished in August 1793 and the autumn of 17%, 
when the Institut de France was fortaally estab- 
lished, the Société philomatique was the principal 


haven of the dispossessed scientists. It maintained 
close ties with the Société d’histoire naturelle, and 
with the scientists at the Muséum. After Thermi- 
dor, its president referred to it as the only society 
officially recognized as having offered during the 


period of terrorism “un point fixe de réunion oux 


sciences et aux arts” (22). 
) 


In 1791 its Bulletin was launched as a mont ls 


THE SCIENTIFIC MONTH .Y 











of scientific progress that was circulated 
script among the members. In 1792 it was 
n a few copies but consisted only of short 
abst! Its first real issue as a learned journal is 
\pril 1797. The printer, of whom we must 


thal 

$3 w words, was the economist and publicist, 

Dupo. de Nemours, erstwhile member of the So- 

cie : 1789 and close friend of many scientists. 
Pri. ate initiative once again filled the gap left 


hy the loss to the Academy of Sciences of the facili- 
ties ol the Imprimerie Nationale, which during the 
i8th century had printed the official publications 
of the Academy, and many individual works of 
science bearing the seal of its approval. Private 
printers like the Jomberts and the Didots had 
made something of a specialty of scientific print- 
ing during the 18th century, and they were by no 
means inactive during the Revolution. But the 
man who should be notable for coming to the aid 
of the scientists in this capacity during the yee 
of crisis 1s Dupont de Nemours. In June 1791, 

he was leaving the Constituent Assembly, alan 
issued a prospectus informing the public that he 
was opening a well-equipped publishing house 
where, he said, he proposed to do ‘ 
pensive work for those who are 
in the contents of a book” (23). 
Dupont’s is well known, but it is usually assumed 
that he printed only political tracts and his Cor- 
respondence patriotique. Nor is it widely known 
that the Lavoisiers, husband and wife, were among 
his sponsors (24). From them Dupont borrowed 
the sum of 710,000 francs for the purchase of his 


‘good and inex- 
chiefly interested 
This venture of 


printing house. It is therefore not surprising to 
find that Dupont had a share in publishing works 
Society of 1789. In 
791 he helped bring out Talleyrand’s famous re- 
port on public education and printed Lavoisier’s 
In 1793 he published 
which 


of his earlier associates in the 


Etat des finances de France. 
the Réflexions sur Vinstruction publique, 
Lavoisier drafted in the name of the Bureau de 
consultation des arts et métiers. 

A number of scientific books also appeared ove 
the first edition of 
Philosophie chimique (1792) and a second edition 
in 1795; a treatise by Antoine Portal on tubercu- 
losis (1792) ; two editions of Daubenton’s Tableau 
methodique des minéraux; a Flora of the Pyrenees 
la Peyrouse (1795), and other works. 


Dupont’s imprint: Fourcroy’s 


dy Picot de 
Dupont was the official printer for the Academy 
of Sciences from 1791 until its dissolution (he is so 
listed in the Almanach Royal), and in this capac- 
ity did such job-printing as the prize announce- 
ment of the Academy mentioned in the preceding 
In 1794 Dupont published the belated 


se( on, 





lary 1955 


Academy for 1789 


He was also, as 


volume of the Mémoires of the 
and, in 1797, the volume for 1790. 
we have learned, publisher of the Bulletin of the 
Société philomatique (25) 


lV 


Some remarks about the character of 


scientific 


ceneral 


period seem appropriate 
at random, as I did at the begin- 


the great names that illumi- 


work in. this 
here. If we cite 
ning of this article, 
nated these 


distinguished 


we convey the impression of 
and uninterrupted scien- 
closer examination does not con- 


decades, 
virtually 
tific progress. 
firm this. The first years of the Revolution, perhaps 
to 1792, were still quite productive, because the 
momentum of the previous years was not imme- 
really creative period of the 
gveneration—men who, 
Lavoisier, Monge, Berthollet, and 
Laplace, were in their forties or early fifties in 
1789—falls in the before the Revolution. 
Monge presented in his lectures at the Ecole Nor- 


diately arrested. ‘The 
men of the Revolutionary 


like Lagrange, 
years 
male his great invention of descriptive geometry, 
but this had been worked out long before when he 
taught at the Ecole de Méziéres. The monumental 
Mécanique celeste of Laplace did not begin to ap- 
pear until 1799, but the work seems to have been 
1790 and, but for the Revolu- 
been completed much sooner. 


well advanced by 


tion, might have 
The same rule 


Theory of Numbers 


1798 


seems to hold for Legendre’s Essay 


on the (1794) and his work on 
elliptic functions both of which grew out 
of earlier work. 

veneration who 


scientists of the older 


turmoil of the Revolution 


Those 
survived the and they 


were the great majority—-made their greatest con- 
tributions in this period as inspiring teachers of the 
Napoleonic generation. Indeed the production of 
brilliant pedagogic works is a marked feature of 
Monge’s lectures are 
later books 

Lagrange, based on his teaching at the Ecole Nor- 
male and the Ecole Polytechnique. Laplace’s fa- 
mous Essai philosophique sur les probabilites grew 
Ecole Normale 


the period from 1794-1800. 


in this category, and so were the 


lectures delivered at the 
An outstandingly successful example is Leg- 
skillful rework- 


a lower plane were the 


out of 
1795. 

endre’s Eléments de géométrie, a 
Euclid. And on 


popular mathematical 


ing of 
immensely textbooks of 
Sylvestre 
country. 
du monde, like his general discussion of probability 


Lacroix, widely used at one time in this 


Laplace’s readable Exposition du systéme 
just mentioned, was clearly a manifestation of 

desire to present serious scientific speculation to a 
yet in a spirit markedly different 


wide audience, 
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from the glib popularizations of the 18th century. 

A similar phenomenon is observed in chemistry, 
where the great textbooks of Chaptal and Four- 
croy, and the latter’s Dictionary of Chemistry in 
the Encyclopedie méthodique, sought to present in 
intelligent order the facts of the new chemistry. 
The pioneer works on applied chemistry by Chap- 
tal and Berthollet emphasize another aspect of this 
new orientation. 

The naturalists of the Museum, chief among 
them Lamarck, form something of a special case. 
Sustained, even pampered, by the Revolutionaries 
of the Left, the workers at the Museum were less 
adversely affected by events. It was the revolu- 
tionists who called Lamarck, a man of 50 and a 
botanist, to the newly created chair of invertebrate 
zoology; and here during the subsequent years he 
did his best and most famous work, developing his 
theory of biological evolution and collecting the 
materials for his pioneer descriptive treatise of in- 
vertebrate zoology (1815~22). 

That science lost much that the Revolutionary 
generation intended to accomplish is suggested by 
what we know of the work of leading Academicians 
on the eve of the Terror. Had the great reflecting 
telescope been built, it might have turned French 
astronomy into channels of observational astron- 
omy in which, in the 19th century, other countries, 
including America, surpassed her. But the money 
set aside for this purpose was presented to the 
Convention as a don patriotique in a frantic effort 
of ingratiation. 

From what we have recently learned of the 
plans and projects of Lavoisier at the time he was 
lost to science, we see that his creative energies 
had in no sense flagged. He was 46 when the Revo- 
lution broke out, and if he could have matured his 
scientific plans uninterruptedly the results might 
have been incalculable. At the time of his imprison- 
ment he was preparing a fundamental revision of 
his Traité eléméntaire de chimie and an edition of 
his collected works; and only recently it has been 
pointed out that in addition he had outlined a 
great work of chemical theory, or, as he said, of 
philosophie chimique (26). More important still, 
he considered his last work on respiration and 
body heat control as a starting point for a research 
program in what we would now call medical bio- 
chemistry. A passage in Lalande’s sketch of Lavoi- 
sier, which has been generally overlooked, makes 
this point with pardonable exaggeration (27) : 


By these curious and difficult experiments [on 
body chemistry] he had already acquired insight 
into the causes of different diseases and on ways 
of supplementing nature in their cure, and he was 
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preparing to attack the reversed and ancient c. ‘os. 
sus of medical prejudice and error. Nothing 
more important than this work of Lavoisier; ind 
one can say that if the sciences have experie: ced 
an irreparable loss, all humanity should join in 
lamenting this privation. 


Except for Bichat and some of the younge, nat. 
uralists I have mentioned, the men who were bp. 
tween the ages of 18 and 30 in 1789 belonged to. 


lost generation: men old enough to have their ear. 


liest productive years blighted by the storm, to 
old to benefit by the great schools and the illus. 
trious masters that prepared the Napoleonic gep. 
eration. Yet the brilliance and the diversity , 
talent that blossomed in the first decades of t! 
19th century testifies to the fundamental vitalit 
of science in Revolutionary France. Clearly ther 
were shifts of emphasis toward a broader demo- 
cratic base of scientific instruction, toward a greate: 
preoccupation of scientists with problems of indu 
trial application and questions of social utility 
Those men of science, a small though illustrious 
minority, who lost their lives during the erro: 


were men who had, to a large extent. given y 


science for politics. It was as politicians, financiers, 


and public officials that they were executed, noi 
as men of science. Although the Revolution, as any 


such painful crisis must, produced profound dis- 
locations, it yielded also enduring benefits in in- 


dustrial progress and new scientific institutions 


At no point can we simply affirm, as did the men 


who wished to blacken still further the men of th 


Revolution, that the Revolution felt it had no need 


of men of science. 
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Dual Role of the Zeitgeist in Scientific Creativity 


EDWIN G. BORING 


Dr. Boring, who for 25 years was director of the Harvard University Psycho- 


logical Laboratory, 


mental psye holog) and jor his u riting 


best known for his two books on the history of experi- 
son theoretical and systematic psychology. 


In recent years he has become interested in the psychology of the history of 


scientific discovery, 


tates and hinders scientific progress 


in science, and in the causes of their greatness as 


HIS “magic” term Zeitgeist means at any 
one time the climate of opinion as it affects 
thinking, yet it is also more than that, for 
the Zeitgeist is forever being altered, as if the 
thinker whom it affects were shifting latitude and 
lonvitude over sea and land so that his climate 
keeps changing in unpredictable ways. Goethe, 
Who in 1827 may have been the first to use this 
word with explicit connotation, limited it to the 
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in the way in which the changing climate of opinion facilt- 


in any one period, in the role of great men 
well as the effects. 


unconscious, covert, and implicit effects of the 
climate of opinion, at the same time ruling out 
thought control by such explicit processes as per- 
suasion and education (/ 

Such a concept proves useful in those cases where 
plagiarism is clearly unconscious, as so often it is. 
No man clearly understands the sources of his own 
creativity, and it is only since Freud that we have 
begun to have an inkling of how general is this 
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the sources of one’s own ideas. On the other hand, 
this conception long antedates Freud, for it was 
the essence of Tolstoy’s argument in 1869 that “a 
king is history’s slave” whose conscious reasons for 
action are trivial and unimportant. Charles Dar- 
win, Herbert Spencer, and Francis Galton all sup- 
ported Tolstoy’s view of the unconscious determi- 
nation of the actions of great men, against the 
more voluntaristic views of ‘Thomas Carlyle, Wil- 
liam James, and some lesser writers. 

Later the historians of science and of thought 
in general found themselves faced with the essen- 
tial continuity of originality and discovery. Not 
only is a new discovery seldom made until the times 
are ready for it, but again and again it turns out 
to have been anticipated, inadequately perhaps 
but nevertheless explicitly, as the times were be- 
ginning to get ready for it. Thus the concept of a 
gradually changing Zeitgeist has been used to ex- 
plain the historical continuity of thought and the 
observation that the novelty of a discovery, after 
the history of its anticipations has been worked out, 
appears often to be only a historian’s artifact. 

In addition to these anticipations there are, how- 
ever, also the near-simultaneities and near-syn- 
chronisms that are clearly not plagiarisms. Napier 
and Briggs on logarithms. Leibnitz and Newton 
on the calculus. Boyle and Mariotte on the gas law. 
D’Alibard and Franklin on electricity. The sociolo- 
gists Ogburn and Thomas have published a list of 
148 contemporaneous but independent discoveries 
or inventions. Since you cannot in these pairs as- 
sume that one man got the crucial idea from the 
other, you are forced to assume that each had his 
novel insight independently by his ordinary proc- 
esses of thought, except that each was doing his 
thinking in the same climate of opinion. Some such 
appeal to a maturing Zeitgeist is necessary to ex- 
plain the coincidence (2). 

Now how, we may ask, does the Zeitgeist of the 
present time interpret the generic concept of the 
Zeitgeist? Today the Zeitgeist is certainly not a 
superorganic soul, an immortal consciousness un- 
dergoing maturation with the centuries, an unex- 
tended substance interpenetrating the social struc- 
ture. The Zeitgeist must be regarded simply as the 
sum total of social interaction as it is common to a 
particular period and a particular locale. One can 
say it is thought being affected by culture, and one 
would mean then that the thinking of every man 
is affected by the thinking of other men in so far 
as their thinking is communicated to him. Hence 
the importance of communication in science, which 

both helps and hinders progress. That is the thesis 
of this paper. 
It is always hard to be original, to make prog- 
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lack of understanding of one’s own motives and of 









ress in a minority thinking that goes again 
majority. In science, moreover, even the dea 
to make up the majority, for they communic: ¢¢ }) 
the printed word and by the transmitted c 







ven- 
tions of thought. Thus the majority, living and 
dead, may slow up originality. On the other | and. 
the chief effect of scientific communication a id 0! 





the availability of past thought is facilitative. \y, 
all know how the invention of printing advanced 
science. 

We shall not be far 
of course, by the Zertgeist of the present—if w 
regard the scientist as a nervous system, influcneed 
by what it reads and hears as well as by what it ob. 
serves in nature and in the conduct of other men 
the smile of approbation, the sneer of contempt 
and affected also by its own past experience, fo; 
the scientist is forever instructing himself as he pro. 
ceeds toward discovery and is also forever being 
instructed by other men, both living and dead. 

The single investigator works pretty much lik 
a rat in a maze—by insight, hypothesis, trial, and 
then error or success. I am not trying to say that 
rats are known to prefer deduction to inductio: 
because they use hypotheses in learning a maze 
The maze is set up to require learning by trial and 
error, which is to say, by hypothesis and test. ‘Thi 
rat’s insight, as it learns, may indeed be false: the 
rat looks down the alley, sees it is not immediatel 
blind but later finds it is blind after all. An error 
for the rat. And its trial may be vicarious. The rat 
looks tentatively down an alley, entertains it as ; 
hypothesis, rejects it, chooses to go the other way 
Anybody’s hypothesis can come as the brilliant per- 
ception of an unexpected relationship and yet be 
wrong. It may be a hunch. Rodent hypotheses be- 
gin as hunches—and by this I mean merely that 
the rat does not understand the ground of its 
motives. 






wrong—being prejudiced 




















The human investigator, on the other hand, ma\ 
consciously base his new hypothesis on his own 






earlier experiment, or on something other persons 
did. For this reason erudition is important, and 
communication is vital in modern science. Never- 
theless it remains possible to regard the single sci 










entist as an organic system, as a discovery machin 
with a certain input from the literature and from 
other forms of social communication and _ also 

let the essential empiricism of science not be for- 
gotten—from nature, which comes through to in- 
sights and a conclusion by that method of con- 
comitant variation which is experiment. There we 
have the individual investigator, who, as he grows 
older, gains in erudition and wisdom and becomes 












more mature, with his past discoveries now avail- 
able as part of his knowledge. 
A broader and more interesting question, how- 









THE SCIENTIFIC MONTHI Y 








cerns, not the individual, but the matura- 
cientific thought itself. The mechanics of 


tio 

on applies to too small a system to throw 
m yht on the history of science. ‘The larger 
Vi stitutes social interaction and communica- 
tiol an individual’s input, thus exposing the 
wh ynamic process as it undergoes maturation 
down ‘he years, the centuries, and the ages. This 
int ion is the Zeitgeist, which is not unlike a 
stre: It is bounded on its sides by the limits of 
comlinication, but it goes on forever unless, ol 


ise, some great cataclysm, one that would make 
Hitler's effect on German science seem tiny and 


tri should some day stall it. 
Here we have a physicalistic conception of the 
Zeitecist. The Zeitgeist, of course, inevitably in- 


fluences the conception of the Zeitgeist. And the 
Zeitgeist ought to be the property of psychologists, 
for the psychologists have a proprietary right in 
all the Getster. Now the psychology of the 19th 
century was dualistic, mentalistic, spiritualistic. In 
those days the Zeitgeist would certainly have had 
to be the maturing superconsciousness of science, 
something comparable to the immediate private 
experience that everyone then believed he had. 
Phe 20th century, on the other hand, at least since 
1925, is physicalistic and behavioristic. Nowadays 
the term behavioral sciences is on everyone’s lips 
and there is no English equivalent for Geisteszwzs- 
censchaften. 

Between 1910 and 1930 the Zeitgeist changed. 
Mind gave way to behavior. This transition was 
eased by the positivists who supplied the transfor- 
mation equations from the old to the new, trans- 
formations by way of the operational definitions 
of experience; but only a few bother to use these 
couations. It is enough for most persons that they 
are using the convenient language of the great 
majority. And truth in science, as S. S. Stevens has 
pointed out, is simply what competent opinion at 
the time in question does not dissent from (3). In 
a physicalistic era, we, physicalistically minded sci- 
entists, choose a physicalistic definition of the Zert- 
geist. Our predecessors in 1900 would not so easily 
have accepted such nonchalance toward Cartesian 
dualism. 

We are wise thus to accept the wisdom of the 
age. Nor is my personal history without interest in 
this respect, for I was brought up in the intro- 
spective school of E. B. Titchener and for 20 years 
believed firmly in the existence of my own private 
inimediate Then, 1930, en 
route to Damascus, as it were, I had a great in- 
sieht. 
had been conscious in the sense that to have ex- 


consciousness. about 


perience is to know instantaneously that you have 
it. Introspection always takes time, and the most 
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I knew that I was unconscious and never 


lunmediate conscious datum is, therefore, obtained 
retrospectively. Once this basic truth is assimilated, 
once one realizes that no system can include the 
report of itself and that to one’s own introspection 
one’s Own consciousness is as much the conscious- 
ness of some “Other One” as is the consciousness 
of a different person, then it becomes clear that 
consciousness is not in any sense immediate, and 
then—just then—the 
gladly and sincerely joins the behavioristic school 


4). 


exactly introspec tionist 


The Zeitgeist’s Dual Role 


The Zeitgeist has a dual role in scientific prog- 
ress, sometimes helping and sometimes hindering. 
There can be nothing surprising in such a state- 
ment. Forces in themselves are not good or bad 
Their effects can be, depending on what it is you 
want. Inevitably by definition the Zeitgeist favors 
conventionality, but conventionality itself keeps de- 
veloping under the constant pressures of discov- 
eries and novel insights. So the Zeitgeist works 
against originality; but is not originality, one asks 
quite properly, a good thing, something that pro- 
motes scientific progress? In the cases of Coper- 
nicus, Galileo, Newton, and other comparably 
ereat men of science, originality was good—good 
for what posterity has called progress. ‘These are 
the men to The indubitably original 
people are, however, the cranks, and close to them 


emulate. 


are the paranoid enthusiasts. Velikovsky’s concep- 
tion of the collision of two worlds is original. Does 
science advance under his stimulus? Hubbard’s 
dianetics is original. Is it good? Most of us right 
now think not, yet these men point in self-defense 
. This 


dilemma arises because it is well to know and re- 


to Galileo who also resisted the Zeitgeist (5 


spect the wisdom of the ages and also to correct it 
when the evidence for change is adequate. If men 
were logical machines and evidence could be 
weighed in balances, we should not be mentioning 
the Zeitgeist at all. The Zeitgeist comes into con- 
sideration because it can on occasion work irration- 
ally to distort the weight of the evidence. 

When does the Zeitgeist help and when does it 
hinder the progress of science? 

1) It is plain that knowledge helps research, 
and knowledge, whether it be explicit on the 
printed page of a handbook or implicit in the un- 
recognized premises of a theory, is in the Zeitgeist. 
There is no use trying to limit the Zeitgeist to that 
knowledge which you have without knowing it, 
for the line simply cannot be kept. One discovery 
leads to another, or one experiment leads to a 
theory that leads to another experiment, and the 
history of science tells the story. The law of mul- 


tiple proportions, for instance, validates the atomic 
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theory, and then the atomic theory leads off to alli 
sorts of chemical research and discovery. 

On the other hand, the Zeistgeist does not al- 
ways help, for there is bad knowledge as well as 
good, and it takes good knowledge to get science 
ahead. It is useful to be ignorant of bad knowledge. 

The idea that white is a simple color was a bit 
of bad knowledge that was in the Zetstgeist in the 
middle of the 17th century. It was not a silly idea. 
It was empirically based. You can see colors, can 
you not? And white is a color. And you can see 
that it is simple and not a mixture, can you not? 
It is not clear whether Newton was lucky enough 
not to have absorbed this bit of false knowledge 
from the Zeitgeist or whether he was just stubborn, 
when, having bought his prism at the Stourbridge 
Fair, he concluded that white is a mixture of other 
colors. He was probably consciously flouting the 
Zeitgeist, for he sent his paper up to the Royal So- 
ciety with the remark that it was in his “judg- 
ment the oddest if not the most considerable detec- 
tion which hath hitherto been made into the opera- 
tions of nature.” But Robert Hooke and the others 
at the Royal Society would have none of it. ‘They 
were restrained from belief by the Zeitgeist. White 
is obviously not colored, not a mixture. ‘There was 
bitter controversy before the conventional scien- 
tists gave in, before the truth shifted over to New- 
ton’s side (6) 

Helmholtz ran into a similar difficulty when in 
1850 he measured the velocity of the nervous im- 
pulse. The Zeitgeist said: Vhe soul is unitary; an 
act of will is not spread out over a period of time; 
you move your finger; you do not will first that the 
finger move with the finger not moving until the 
message gets to it. Thus Helmholtz’ father had re- 
ligious scruples against accepting his son’s discov- 
ery. And Johannes Miller, then the dean of ex- 
perimental physiology, doubted that the conduc- 
tion times could be so slow. At the very least, he 
thought, the rate of the impulse must approximate 
the speed of light (7). 

The persistence of the belief in phlogiston is still 
another example of the inertia that the Zeitgeist 
imposes on progress in thought. Here both Lavoi- 
sier and Priestley broke away from convention 
enough to discover oxygen, but Lavoisier, with the 
more negativistic temperament, made the greater 
break and came farther along toward the truth, 
whereas Priestley could not quite transcend his old 
habits of thought. His theory was a compromise, 
whereas we know now—insofar as we ever know 
truth in science—that that compromise was not the 
way to push science ahead then (8). 

So it is. Good knowledge promotes progress, bad 
knowledge hinders, and both kinds make up the 
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Zeitgeist. Ignorance of good knowledge and a yare. 
ness of bad hinder; awareness of good and | yor. 
ance of bad help. The history of science is { \]| oj 
instances of all four. 

2) Not only do the discovery of fact and the jp. 
vention of theory help progress when fact and 
theory are valid, but comparable principles app) 
to the discovery and invention of new scicutifi 
techniques. The telescope seems to have come oy 
of the Zeitgeist, for it was invented independent| 
by half a dozen different persons in 1608, although 
lenses had been made and used for magnification 
for at least 300 years. But then Galileo’s discoven 
of Jupiter’s moons the next year created, as it wer 
a new phase in the Zeitgeist, one that prometed 
astronomical discovery. So it was with the inven. 
tion of the simple microscope, the compound ni. 
croscope, the Voltaic pile, the galvanic battery, th 
galvanometer, the electromagnet, and recently th 
electron tube—the possibilities opened up by th 
availability of a new important instrument chang 
the atmosphere within a field of science and lead 
quickly to a mass of valid research. Within psy- 
chology the experimental training of a rat in 
maze in 1903, in order to measure its learning ca 
pacity, led at once to a long series of studies in th 
evolution of animal intelligence with the maz 
the observational instrument. 

It is true that the negative instances of this as- 
pect of the Zeitgeist are not so frequent or obvious 
yet they occur. For years the Galton whistle, used 
for the determination of the upper limit of hea 
ing, was miscalibrated, because its second har 
monic had been mistaken for its first. The highest 
audible pitch was thought to occur at about 40,001 
cycles per second, whereas the correct figure 1s 
about 20,000. Did this error of an octave hold back 
science? Not much, but a little. For a couple oi 
decades investigators reported facts about the oc- 
tave above 20,000 cycles per second, an octave 
that is really inaudible. One experimenter even 
found a special vowel quality for it to resemble 
Thus bad knowledge about the whistle led to con- 
fusion and hindered the advance of science. 

3) The Zeitgeist acts as inertia in human think- 
ing. It makes thought slow but also surer. As a 
rule scientific thinking does not suddenly depart 
widely from contemporary opinion. In civilization, 
as in the individuai, the progress of thought 1s 
sensibly continuous. Consider, for example, the 
history of the theory of sensory quality. 

Empedocles believed that eidola of objects are 
transmitted by the nerves to the mind so that it 
may perceive the objects by their images. Lat: 
there arose the notion that there are animal spir'ts 
in the nerves to conduct the eidola. Then, und: 
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ience of materialism, the animal spirits 
be regarded as a vis viva and presently a 
osa. Next Johannes Miller, secing that 
nsory nerve always produces its own qual- 
stituted for the vis nervosa five specific 
nerve cnergies, using the word energy, in the days 
the theory of conservation of energy, as 
lent to force or vis. He said that the mind, 
beine locked away in the skull, cannot perceive 


th jects themselves, or their images, but only 
the siates of the nerves that the objects affect, 
ind he fought a battle against the Empedoclean 
the as indeed had John Locke and ‘Thomas 


Young and Charles Bell before him, and as still 
others were to do after him. After a while it was 
seen, however, that the specificity of the five kinds 
of nerves lies not in the peculiar energies that they 
conduct to the brain but in where they terminate 
in the brain. Thus there arose the concept of 
sensory centers in the cerebrum. Nowadays we see 
that a cerebral center is nothing more than a place 
where connections are made and that sensory qual- 
ity must be understood in terms of the discrimina- 
tory response in which stimulation eventuates—or 
at least many of us see this fact while we fight a 


geist that still supports the theory of centers 


Y 

ls there any reason why Galen in a.p. 180 or 
Albrecht von Haller in 1766 should not have in- 
vented the modern theory of sensory quality? None, 
except that most of the supporting evidence was 
lacking and, being contrary to the accepted notions 
of the time, it would have sounded silly. Yet each 
contributor to this strand of scientific maturation 
was original, and several contributors had to fight 
again the battle against the notion that the mind 
perceives an object by embracing it, or, if it cannot 
get at the object itself, by getting itself impressed 
by the object’s eidolon or simulacrum. Nor has the 
Zeitgeist even yet been thoroughly disciplined in 
this affair, as you can tell whenever you hear the 
remark: “If the lens of the eye inverts the image 
of the external world on the retina, why do we not 
see upside down?” 

The Zeitgeist was hindering progress in_ this 
piece of history. It made originality difficult and 
it made it necessary to repeat the same arguments 
in 1690 (John Locke) and in 1826 (Johannes 
Miller) and, if one may believe current adver- 
tisements of a scientific film, nowadays too. Yet 
let us remember that this Zeitgeist also helped 
progress. The continuity of development lay always 
within the Zeitgeist. It was a conservative force 
that demanded that originality remain responsible, 
that it be grounded on evidence and available 
knowledge. Had Galen espoused a connectionist’s 


Fo >ruary 1955 


view of sensory quality in the second century, he 
would have been irresponsibly original, a second- 
century crank, disloyal to the truth as it existed 
then. Loyalty may be prejudice and sometimes it 
may be wrong, but it is nevertheless the stuff of 
which responsible continuous effort is made. Science 
needs responsibility as well as freedom, and the 
Zeitgeist supports the one virtue even though it 
may impede the other. 

t) What may be said of the big Zeitgeist may 
also be said of the little Zeitgeister of schools and 
of the leaders of schools and of the egoist who has 
no following. They have their inflexible attitudes 
and beliefs, their loyalties that are prejudices, and 
their prejudices that are loyalties. Every scientific 
in-group with strong faith in a theory or a method 
is a microcosm, mirroring the macrocosm which is 
the larger world of science. 

Take egoism. Is it bad? It accounts for a large 
part of the drive that produces research, for the 
dogged persistence that is so often the necessary 
condition of scientific success. So egoism yields 
truth. It accounts also for the hyperbole and exag- 
geration of the investigating enthusiast, and then 
it may yield untruth. When two incompatible 
cegoisms come together, they account for the wasted 
time of scientific warfare, for the dethronement ol 
reason by rationalization. Egoism is both good and 
bad. 

Take loyalty. Think how it cements a group to- 
gether and promotes hard work. Yet such in-groups 
tend to shut themselves off from other out-groups, 
to build up their special vocabularies, and_ so, 
while strengthening their own drives, to lessen 
communication with the outside, the communica- 
tion that advances science. Loyalty is both good 
and bad, and with loyalty a person sometimes has 
to choose whether he will eat his cake or will keep 
it. 

This dilemma posed by the little Zeitgeister of 
the in-groups and the scientific evangelists has its 
root in basic psychological law. Attention to this is 
inevitably inattention to that. Enthusiasm is the 
friend of action but the enemy of wisdom. Science 
needs to be both concentrated and diffuse, both 
narrow and broad, both thorough and inclusive. 
The individual investigator solves this problem as 
best he can, each according to his own values, as 
to when to sell breadth in order to purchase depth 
and when to reverse the transaction. He, the indi- 
vidual, has limited funds and he has to sell in orde1 
to buy, and he may never know whether he made 
the best investment. But posterity will know, at 
least better than he, provided that it troubles to 
assess the matter at all, for posterity, having only 
to understand without hard labor, can assess the 
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effect of prejudice and loyalty and enthusiasm, of 
tolerance and intolerance, as no man ever can in 
himself. 


Coda 


This is a broad meaning for the word Zeitgeist 
—the total body of knowledge and opinion avail- 
able at any time to a person living within a given 
culture. There is, certainly, no rigorous way of dis- 
tinguishing between what is explicit to a scientist 
and what is implicit in the forms and patterns of 
communication, between what is clear conclusion 
and what is uncritically accepted premise. Avail- 
able knowledge is communicated whenever it be- 
comes effective, and this is the Zeitgeist working. 

The Zeitgeist is a term from the language of 
dualism, while its definition is formally physical- 
istic. That paradox is for the sake of convenience 
in the present communication and is allowable be- 
every statement be transformed into 
physicalisite language when necessary. Dualism 
has the disadvantage of implying a mystery, the 
existence of a Zeitgeist as a vague supersoul per- 
vading and controlling the immortal body of so- 
ciety. We need no such nonsense, even though this 
abstinence from mystery reduce us to so ordinary 
a concept as a Zeitgeist inclusive of all available 
knowledge that affects a thinker’s thinking. 

That such a Zeitgeist sometimes helps progress 
and sometimes hinders it should be clear by now. 
As a matter of fact, the distinction between help 
and hindrance can never be absolute but remains 
relative to some specific goal. The Zeitgeist hin- 
dered Copernicus, who, resisiting it, helped scien- 
tific thought onward and presently changed the 
Zeitgeist on this matter to what it was in Newton’s 
day. Did the Zertgeist that Newton knew help rela- 
tivity theory? No; relativity had to make its way 
against that Zeitgeist. The newest Zeigeist, which 
will include the principles of relativity and uncer- 
tainty and complementarity, presumably exists to- 
day within the in-group of theoretical physicists. 


cause can 


It will become general eventually, and then it will 
reinforce progress, and after that, much later, per- 
haps our posterity will find today’s truth tomor- 
row’s error. The one sure thing is that science 
needs all the communication it can get. The harm 
to progress never nearly 


communication does 


equals the good. 


6. 


9. 


SPW 


References and Notes 
The term Zeitgeist seems to have originated thi 
sense in 1827 with Goethe who, in discussing t} 
in which Homer had influenced thought, remar ed }, 
the last sentence of his essay, Homer noch ¢ »mq 
“Und dics geschieht denn auch im Zeitgeiste, 
verabredet noch iberliefert, sondern proprio -yof; 


der sich mehrfaltig unter verschiedenen Hit mels. 
strichen hervortut.”” Himmelsstrichen can be ‘rang. 
lated “climates,” thus justifying the figure o! th, 
text, but it must also be noted that Goethe meant 4 


use the term Zeitgeist when the effect is “self-dete 
mined,” brought about ‘‘neither by agreement no, 
fiat.” See, for instance, Goethes samtliche Werke, (| 
J. Cotta, Berlin, 1902-07), vol. 38, p. 78. 

The discussion of this paragraph and all the references 
will be found in extenso in E. G. Boring, “Great mer 
and scientific progress,” Proc. Am. Phil. Soc. 94, 339 
(1950). The reference to Tolstoy is, of course, to his 
War and Peace. For the longest list of nearly simul. 
taneous inventions and discoveries, see W. F. Ovbury 
and D. Thomas, “Are inventions inevitable?” Polit 
Soi Oaart. 37, 83 (1922). 

On the social criterion of truth, on scientific truth’s 
being what scientists agree about, see S. S. Stevens, 
“The operational basis of psychology,’ Am. J. Psy- 
chol. 47, 323 (1935), especially p. 327; ‘The opera- 
tional definition of psychological concepts,” Psychol 
Rev. 42, 517 (1935), especially p. 517; E. G. Boring, 
“The validation of scientific belief,’ Proc. Am. Phi 
Soc. 96, 535 (1952), especially pp. 537 f. 

On the point that a self cannot observe itself, that 
in self-observation a person must regard himself as 
if he were another person, see M. Meyer, Psycholog; 
of the Other One (Missouri Book Co., Columbia, Mo., 
1921); Stevens, op. cit., especially pp. 328 f.; E. G 
Boring, “A history of introspection,” Psychol. Bull 
50, 169 (1953), especially p. 183. 

On the sincerity of cranks in science, see I. B. Cohen, 
J. L. Kennedy, C. Payne-Gaposchkin, T. M. Riddick, 
and E. G. Boring, “Some unorthodoxies of modern 
science,” Proc. Am. Phil. Soc. 96, 505 (1952). 

On Newton’s difficulty in changing the Zeitgeist with 
respect to the complexity of white, see E. G. Boring 
Sensation and Perception in the History of Experi- 
mental Psychology (Appleton-Century, New York, 
1942), pp. 101 f. This discovery of Newton’s was 
exceptional in that it had no anticipations (unless 
my wisdom is at fault). In other words, the Zeitgeist 
was strongly fixed, and to break it Newton must hav 
been very stubborn—as indeed other evidence indi- 
cates that he was. 

On Helmholtz’ trouble with the Zeitgeist with re- 
spect to the velocity of the nervous impulse, see E 
G. Boring, A History of Experimental Psycholog) 
2 ed. (Appleton-Century-Crofts, New York, 1950), 
pp. 41 f., 47 f. 

On Priestley and Lavosier and the Zeitgeist’s support 
of the phlogiston theory, see J. B. Conant, The Over- 
throw of the Phlogiston Theory, Harvard Case His- 
tories in Experimental Science, Case 2 (Harvard 
Univ. Press, Cambridge, Mass., 1950). 

On the history of the physiological theories of sen- 
sory quality and the retardation of progress in think- 
ing by successive phases of this Zeitgeist, see E. G 
Boring, Sensation and Perception (op. cit.), pp 
68-83, 93--95. 


THE SCIENTIFIC MONTHLY 


















tifte 





NiCad 





abil 





phet 














feat 





his 





sion 
ol t 
tent 






oTol 





and 





Upo 





W 






















In uence of Philosophic Trends on the 
Fo mulation of Scientific Theories 


ALEXANDRE KOYRE 


Professor Koyré is on the faculty of the Ecole Pratique des Hautes Etudes, Paris. 
He has also been a visiting professor at the University of Chicago, Johns Hop- 
kins University, and the University of Wisconsin. 


CCORDING to Philipp Frank | Scz. Monthly 


79, 139 (1954)], the reasons for, or 

against, the acceptance of certain scien- 
tific theories are not always restricted to the tech- 
nical value of the theory in question—that is, to its 
ability to give us a consistent explanation of the 
phenomena it is dealing with; instead, these rea- 
sons involve a series of other factors. 

Thus, in the case of Copernican astronomy, the 
choice was not merely one between a more simple 
ind a more complicated theory of celestial motions, 
but also a choice between a more simple and a 
seemingly more complicated physics, between—as 
Bacon very aptly pointed out—reliance on, or re- 
jection of, sense perception as a basis of physical 
knowledge, and so forth. 

| am in perfect agreement with Frank. I only 
fear that he did not go far enough, and that, in 
his analysis, he made a rather unfortunate omis- 
sion, namely, that of the philosophic background 
of the conflicting theories. It is, indeed, my con- 
tention that the role of this “philosophic back- 
ground” has always been of utmost importance, 
and that, in history, the influence of philosophy 
upon science has been as important as the influence 

which everybody admits—of science upon philos- 
ophy. As an example illustrating my assertion I 
would like to consider the period of post-Coperni- 
can science, the period commonly considered to 
be that of the origin of modern science, I mean 
the science that dominated our thinking for about 
three centuries, roughly speaking, from Galileo to 
Einstein and Planck. 

Everybody agrees that the 17th century accom- 
plished or underwent a deep cultural, philosophic, 
scientific revolution. From our point of view, and 
lor our purposes, this revolution can be charac- 
terized as (1) the destruction of the cosmos, that is, 
the substitution for the hierarchically structured 
finite world of the Aristotelian tradition of the in- 
finite universe bound together by the uniformity of 
its fundamental components and laws; and (il) 
the geometrization of space, that is, substitution 
lor the concrete physically structured place-space 
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of Aristotle of the abstract, isomorphous, and in- 
finite dimension-space of Euclidean geometry now 
considered as real. 

The 


Aristotelian science, or natural philosophy, have 


cosmologic and physical conceptions of 
the existence of some orthodox Thomists notwith- 
standing 
tion. Some of the moderns, especially philosophers 


generally speaking a very bad reputa- 


and psychologists, go so far as to tax Aristotle’s 


reasonings as infantile and attribute to him the 
mental age of a child of 12. 

Historians of science treat him scarcely better. 
This, in my opinion, is to be explained only by the 
continuity of the anti-Aristotelian tradition inher- 
ited from the founders of modern science who 
and which—asserted themselves in a_ victorous 
struggle against Aristotle; and by the persistence 
of both the historiographic tradition of the 19th 
century and the value judgments of the first mod- 
ern historians of science—an 18th and 19th cen- 
tury creation. 


For 


the Newtonian world, which 


these historians, born, bred, and reared in 
though with some 
been 


rather important structural additions—has 


accepted, not only as real and true, but even as 
conforming to the natural world-conception of the 
human mind, the very idea of a finite, closed cos- 
mos appeared ludicrous. What ridicule, indeed, 
has not been piled upon Aristotle for his discussion 
of the dimensions of the world, or of its weight, or 
for holding that bodies could move naturally with- 
out being dragged or pushed from outside, for his 
belief that circular motion was a particularly in- 
teresting and important kind of motion, the very 
pattern of a natural one. 

We know today—although, perhaps we have not 
yet quite accepted and admitted it—that all this is, 
perhaps, not quite so ridiculous as it seemed to be 
yesterday; and that Aristotle was much more right 
than he knew himself. As a matter of fact, circular 
motion does play a particularly important role in 
the world and is particularly well represented in it; 
so well that for a natural object it seems to be a 
natural thing to turn and rotate. Indeed, every- 
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thing does so: the galaxies and nebulae, the stars 
and the sun and the planets, and atoms and elec- 
trons; perhaps even photons are not an exception 
to the general rule. 

The spontaneous motion of bodies, as we know 
full well since Einstein, is quite normal, provided 
that, of course, the space is conveniently curved; 
and we know, too, or at least believe we know, that 
our universe is by no means infinite (although it 
has no boundaries) and that “outside” this uni- 
verse there is strictly nothing, just because there is 
no “outside” to the world, and all world-space is 
“inside.” 

Now this is precisely what—somewhat clumsily 
because he did not have at his disposal the re- 
geometry—Aristotle has 
been teaching us. Outside the world, he said, there 


sources of Riemannian 
is nothing, pure nothing, neither plenum nor 
vacuum, neither place nor space, because all the 
space—that is, all the places where something can 
be—is inside. 

The Aristotelian conception is, of course, not 
mathematical; this is its weakness, but also its 
strength. It is a metaphysical one. The world of 
Aristotle is not a mathematically curved world; it 
is, so to speak, a metaphysically curved world. 

Contemporary cosmologists, when they try to 
explain to us the structure of the Einsteinian, or 
post-Einsteinian, curved space and finite though 
boundless universe, are wont to point out that they 
are dealing with difficult mathematical concep- 
tions, and that those of us who are not sufficiently 
trained and who lack ability in mathematical 
thinking will not be able fully to understand them. 
They are perfectly right, of course. Yet it is per- 
haps interesting to note that they are only repeat- 
ing, indeed, turning upside down, what medieval 
philosophers, when they were dealing with Aris- 
totelian cosmology, explained to their readers; 
thus they (Henricus of Ghent, for instance, in the 
late 13th century) did not fail to point out that 
they were using difficult metaphysical reasonings 
and concepts, and that those who were not sufh- 
ciently trained in, or gifted for, metaphysical think- 
ing and who could not rise above the level of geo- 
metric imagining, could not understand Aristotle; 
they would continue to ask: What is outside the 
world? What will happen if we push a stick 
through the surface of the 
sphere? 


ultimate heavenly 


The real difficulty of the Aristotelian conception 
solved ultimately by Riemann and Einstein 
consists, obviously, in the necessity of providing a 
place for Euclidean geometry inside the world. Yet, 
for Aristotle, it was by no means a decisive diffi- 
culty, for, in the Aristotelian conception, geometry 
is not a fundamental science that discloses the nec- 
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essary structure of physical being but only @ . ab. 
stract and subservient one. Experience, sens 
ception, not a priori mathematical reasonin | ay 
for him the true bases of physics, the science tha; 
deals with nature and gives us knowledge ¢° thy 
real world. 

On the other hand, for Plato, who beliey d ; 


per- 


mathematics and did not believe in sense percep. 
tion, and who had tried to link together the ide 
of a cosmos and an attempt to construct the phys. 
ical world, the world of matter and of change. oy 
of pure geometric space (ywpa), the situation was 
of course, much more difficult. It had to be one o; 
the other. The choice, sooner or later, had to by 
made. It was unavoidable, although about 200 
years passed before it was made in fact, and it 
was just this acceptance of the complete geometri. 
zation of space and, consequently, the rejection o! 
the cosmos that characterized the Platonism of 
17th century, that of Galileo and of Descartes 
and in this sense opposed it to the world-view o! 
Plato himself. 


It seems to me rather obvious that the revol) 
tion of the 17th century, which substituted for th 
qualitative world of sense perception and everyday 
life the Archimedean world of geometry made rea! 
cannot be explained simply by the influence, o 
effect, of an enlarged or 

sense experience ) . 

1) As P. Tannery and P. Duhem have alread) 

shown, Aristotelian science (physics), precisely be- 


enriched experienc: 


cause it was based on sense perception and com- 
mon-sense experience and thus was really and 
truly empirical, was in much better accord with 
perception and experience than the new science of 
mathematical dynamics. 

After all, bodies really fall when they are hea 
and rise when they are light; and the principle o! 
inertia, according to which bodies when pushed o1 
thrown continue their motion indefinitely in a 
straight line, is certainly not based on experience 
which constantly disproves the principle. Inertial 
motion, indeed, not only has never been encoun- 
tered in the world, but it is even impossible that 
it ever should be. 

2) The infinity of the universe cannot, of course, 
be asserted on the ground of experience. The in- 
finite, as Aristotle had pointed out, cannot be tra- 
versed or given; compared with eternity a_ billion 
years is as nothing, and the world revealed by th 
Palomar reflector is by no means greater than thial 
of the Greeks. Yet the infinity of the universe is an 
essential element of the axiomatic structure o! 
modern science and is implied by its fundamenta 
laws, as Euler and Einstein have both recognized 

3) The experiences alleged by the promoters 0! 
the new science, or their historians, prove nothi 
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what _ because (1) such as they were actually 
mat ‘y are nothing less than precise, (ii) in 
rd serve as proof they would require an ex- 
trat on to infinity, and (iii) they have, alleg- 
satis demonstrate to us the existence of some- 
thine inertial motion—that is strictly and rigor- 
USI npossible. 

[| validity of these experiences presupposes 
the thematical structure of nature, the mathe- 


matical language of (physical) science. 
fhe birth of concomitant 
transformation (we could even call it muta- 


modern science is 


with 
tion) of the axiomatic framework of human 
thouchts. with a shift in the evaluation of intel- 


ectual knowledge as compared with the knowledge 
sive to us by sense perception, and with the dis- 
that the idea of 
the infinite is a clear and positive idea, in spite of 


overy as Descartes suggested 


being (falsely) expressed by a negative term, 
ind that it is therefore a true one—that is, an 
dea which gives us access to the real world. 


lhus it is perfectly fitting that this infinitization 
{ the universe (the breaking of the circle, as Mar- 
iorie Nicolson has called it, or the bursting of the 
sphere, as I prefer to call it) should have been an- 
nounced by a philosopher—Giordano Bruno—and 
opposed for scientific and empirical reasons by the 
creat astronomer Kepler. 

Giordano Bruno is neither a very great philoso- 
pher nor a very good scientist, and the reasons he 
rives in favor of the infinity of the universe and 
the intellectual primacy of the infinite are not par- 
ticularly clear. Giordano Bruno is not Descartes. 
Yet we know that not only in philosophy but even 
take, for instance, the 
Kepler, or that of Dalton, or even that of Maxwell 


pure science case of 

faulty reasoning from inexact premises sometimes 
leads to perfectly sound and even extremely im- 
portant results. 

Fifteen years ago, I called the revolution of the 
\/th century “la revanche de Platon.” But, as a 
matter of fact, it was an alliance, an alliance with 
Democritus, that decided the old strife and enabled 
Plato to defeat Aristotle. 

Strange alliance! Yet we know that not only in 
the history of philosophy or ideas but also in his- 
tory tout court these strange alliances of seemingly, 
or even really, incompatible elements occur more 
often than not. The enemies of our enemies are our 
lriends. Thus the Very Christian King of France 
allied himself with the Khalifa of Islam, Com- 
mander of the Faithful. Or to come back to the 
history of philosophico-scientific thought, what is 
more strange than the alliance of Mach and Ein- 


mn? 
Al. 


lemocritean atoms in the space of Plato, or of 
Euclid: understands that Newton 


one needed a 
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God in order to maintain the connection between 
the elements of his universe; one understands, also, 
the rather curious character of this universe (the 
19th century was too accustomed to it to be able 
to notice its strangeness) whose material elements, 
objects of a theoretical extrapolation of the ex- 
perience, swim or are immersed, without being 
affected by it, in the nothingness of absolute space 
a real and even necessary and eternal non ens 
object of a priori intellectual knowledge. One un- 
derstands therefore the rigorous mutual implica- 
tion of this absolute, or of these absolutes—abso- 
lute space, absolute time, and absolute motion 
that are accessible only to pure intellectual cogni- 
tion, and their complementary opposites, relative 
space, relative time, relative motion that are the 
only ones given to us by empirical knowledge. 
Modern science stands and falls with these con- 
ceptions of absolute time, absolute space, and thei 
concomitants, absolute motion and absolute rest 
Newton, as good a metaphysician as mathemati- 
cian or physicist, recognized this perfectly well 
And we can trust him in this case: only with these 
presuppositions and only on the basis of these fun- 
damental assumptions are the axioms or laws of 
motion and of The 
sreat Newtonians, MacLaurin and Euler, as well 


as the greatest of them, Laplace, fully recognized 


action valid and meanineful 


it too. 

But let us come back to Newton. It is possible, 
according to him, that there is, perhaps, not one 
world that is really and truly at 


body in this our 


rest: moreover, even if there were one, we should 
not be able to recognize the fact and to distinguis} 
it from a body in uniform motion. It 1s also tru 
that we have no means, and can never have any. 
a body its 

but 


motion 


of determining the absolute motion of 


motion with respect to absolute space only 
and solely its relative motion, that is, its 
with respect to other bodies, about whose absolute 
motion we know no more than about that of the 
first. Yet these statements are not objections against 
these concepts; on the contrary, they are necessary 
and inevitable consequences of the very structure 
of their objects, that is, space and time. Moreover, 


al- 


though in the Newtonian world it is infinitely im- 


Newton should not have been so prudent 


probable that there ever should be a_ body at 
absolute rest and completely impossible that there 
should ever be one in uniform motion, Newtonian 
physics cannot avoid using these notions. 

In the Newtonian world, and in Newtonian sci- 
ence—in spite of Kant who largely misinterpreted 
it but opened a way to a new epistemology and a 
the 


conditions of knowledge do not determine the con- 


new metaphysics, supporting a new science 
ditions of being; quite the contrary, it is the struc- 
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ture of reality that determines which of our facul- 
ties of knowledge can possibly (or cannot) make 
it accessible to us. 

Or, to use an old, Platonic formula: in the New- 
tonian world, and in Newtonian science, it is not 
man, but God who is the measure of things. 

The interpretation of the history and structure 
of modern science that I have sketched here is not 
the communis opinio doctrium, At least not yet, 
though to judge by some recent publications, it is 
on the way to becoming just that. 

Still, the prevailing trend of interpretation is 
somewhat different, and modern science is, as often 
as not, and even more often than not, presented 
as an example—-the example—of empiricist or 
Historians and_ philoso- 
phers of the positivist school are wont to stress in 
the work of Galileo and of Newton (they usually 
pass over Descartes) their experimental aspect, pre- 


positivist epistemology. 


senting them as rejecting the search for causes 
and restricting the aim of science to the establish- 
ment of /aws; not asking why something happens 
but how it happens. 

This interpretation is certainly not lacking in 
historical basis; the role played by experience, or, 
more exactly, by experiment, in the history of sci- 
ence is more than obvious. Moreover. the works of 
Gilbert, Galileo, Robert Boyle, and others, are full 
of passages extolling the value and the fecundity 
of experimental methods and opposing them to the 
sterility of the speculative approach. And as for 
the restriction to the investigation of laws in prefer- 
ence to that of causes, everybody knows the famous 
passage from Discourses and Mathematical Dem- 
onstrations concerning Two New Sciences in which 
Galileo announces that it would be “unprofitable” 
for his purpose (which is, precisely, the establish- 
ment of the law of falling bodies) to discuss the 
explanations of gravity proposed and developed by 
his predecessors, just because nobody knows what 
merely a word—and that, instead of 
trying to find out why bodies fall, it is much better 
to content ourselves with determining the mathe- 
matical law of their downward motion. 


gravity is 


And everybody knows, too, the even more famous 
passages of the Philosophiae Naturalis Principia 
Mathematica (scholium) in which Newton says of 
gravity (which, meanwhile, has become universal 
gravitation) that hitherto he has not “been able to 
discover the cause of these properties of gravity 
He writes: 


from phenomena.” 

I feign no hypotheses, for whatever is not de- 
duced from the phenomena is to be called a hy- 
pothesis, and hypotheses, whether metaphysical or 
physical, whether of occult qualities or mechanical 
have no place in experimental philosophy. In this 


philosophy particular propositions are inferred 
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from the phenomena and afterwards rendered 


eral by induction. 
relations 


In other terms, 


ments, or observation, are, by induction, + ans. 


formed into laws. 
Thus it is by no means surprising that, 


great number of historians and philosophers. thi 


legalistic and phenomenalistic aspect of mvc der 
science appeared to constitute its essence, © 


least its proprium, in contradistinction to th: de. 


ductive and realistic science of the Middle Age: 
and of Antiquity. Closely linked with it appcare: 
also the pragmatic, active, technologic aspec 
modern science—scientia activa, operativa of Ba 
con—as opposed to the allegedly contemplatiy: 
“theoretical” science of the past. 

To this interpretation I have already made son 
objections. ‘Two other objections are also pertinent 

1) Whereas the legalistic trend of modern sci 
ence is indubitable, and besides has been extremel) 
fruitful since it enabled the scientists of the 18t! 
century to concentrate upon the study and analysis 
of the fundamental laws of the Newtonian uni. 
verse, a work that culminated in the Mécaniqu 
céleste of Laplace and the Mécanique analytiqu 
of Lagrange, its phenomenalistic aspect is mucl 
less apparent: as a matter of fact it is not th 
phenomena, but the noumena or the noeta that 
find themselves bound together by the causally un- 
explained or even unexplainable laws. Indeed, not 
bodies of our common-sense world, but abstract, 
Archimedian bodies of the Galilean one, or the par- 
ticles and atoms of the Newtonian world, are th 
relata or the fundamenda of the mathematical re- 
lations established by modern science. Moreovet 
and this changes the picture somewhat, the lav 
of attraction was transformed by the successors o! 
Newton into a cause or force. 

2) The positivist interpretation or self-interpre- 
tation of science is by no means “modern.” Quite 
the contrary: it is nearly as old as science itsell, 
and like everything, or nearly everything, was 1n- 
vented by the Greeks, (as Schiaparelli and espe- 
cially Duhem, after others, have quite convincingly 
established) ; the purpose of astronomical science. 
Alexandrine astronomers explained, is not to find 
out the real mechanism of planetary motion but 
only to vwéev ra hawopeva, to save the phenomena 
by putting together a system of circles—a purely 
mathematical device—enabling us to calculate an 
predict the position of the planets, and thus 
tablish a connection between the data of previous 
and future observations. 

It is just this positivist-pragmatist epistemolo.) 
that was used by Osiander (in 1543) in order ‘o 
hide behind it the revolutionary impact of Cop 
nican astronomy, and it was against this pheno: 
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established by e eri. 









tl 


misinterpretation that was directed the 
s of the founders of modern science from 


Ker vho puts AITIOAOTETOSX in the very title 

ork and calls it Physica Coelestis, to New- 
t , in spite of his hypotheses non fingo that 
Ih just quoted, gives us in the Mathematical 
Prin. les of Natural Philosophy not only a real- 
istic, ut also a causal science. He does this simply 
be . though he had renounced finding out the 
Y ical explanation of attraction and even re- 
ecte. its reality as a physical force acting at a dis- 
tal he nevertheless posits it as a real, though 
ne chanical and probably transphysical one, 
that subtends the mathematical “force” which 
hinds the world together. 


lhe real ancestor of positivist physics is by no 
means Newton. It is Malebranche. 

Indeed, the Newtonian attitude concerning the 
problem of attraction is incompatible with the 
positivist point of view. For, from this point of 
view, there is no problem at all. Action at a dis- 
tance, and even instantaneous action at a distance, 
which Newton so strongly opposed, is just as un- 
objectionable as any other kind of causation. E. 
Mach long ago, and P. W. Bridgman more recently 
and much more radically, have made it perfectly 
clear: to ask for continuity in space or in time is 
to be bound by prejudice. 

As a matter of fact, this attitude has never been 
that of science. Action at a distance, even for those 
of the Newtonians who, following Cotes, accepted 
it as a physical force, has always been felt as 
something strange and difficult to admit—an ab- 
surdity to which one gets accustomed remains nev- 
ertheless an absurdity—and it is this conviction, 
which, by the way, could make an appeal to the 


authority of Newton himself, that consciously in- 
spired the work of Euler, of Faraday and Maxwell, 
and finally that of Einstein, who, by joining to- 
gether the disconnected elements of the Newtonian 
world, and matter, eventually solved the 
riddle. 

So it seems to me that, in this case as in a num- 
ber of others, it was not the positivist renunciation. 
nor the technical development ot 
mathematical and experimental methods and pro- 
cedures, but a philosophical attitude, that of 
mathematical realism, that has been the driving 


force or source of inspiration of the post-New- 


Spac cS 


pressure of 


tonian development of scientific thought, the root 
of the concept of “field,” that new key-concept of 
which Einstein has shown us the capital value for 
present-day science. 

Thus I believe that we are entitled to conclude, 
tentatively at least, that (i) the positivistic phase 
of renouncement, or resignation, is only a kind o! 
retreat position, and it is always a temporary one: 

ii) although the human mind, in its pursuit of 
knowledge, repeatedly assumes this attitude, it does 
not accept it as final—at least it has never done so 
until and (ill 
make a virtue of necessity and coneratulate itsel! 


now: sooner or later it ceases to 
on its defeat. Sooner or later it comes back to the 
allegedly unprofitable, impossible, or meaningless 
task and tries to find a causal and real explanation 
of the accepted and established laws. And_ this, 
after all, is not surprising, at least for those who 
recognize that man is not only {Gov zocnuxov, a 
being of action, but also, and perhaps even pri- 
marily, {é0v Aoyuov, a being of reason, and by 
nature there is in man the desire not only to know 


but to understand. 
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N proposing several general questions on the 
social and historical aspects of science, I hope 
to state certain problems that have only too 
ious a bearing on our work in the interpreta- 
of science, to indicate certain alternative solu- 
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tions to these problems that have been proposed 
before, and to urge that certain of these are at 
best incomplete while the others are still merely 
plausible (7). 

The achievement of understanding of the social 
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relations of science is a scientific problem that lies 
in the sciences of history and sociology. But it is 
not a problem solely in the history of science nor 
in the sociology of science even when the former is 
widened to include external (nonscientific) in- 
fluences on the development of science. As in the 
solution of all scientific problems, this one involves 
data and theories. Thus the historicosociological 
events need to be established and while some primi- 
tive theory may be involved in the selection of 
epochs or regions to be investigated, yet there is 
a major fact-finding job for the student of the his- 
tory of science. Utilizing these results, as well as 
those from other investigations, even from other 
sciences, the historian may be expected to formu- 
late theories that explain how and why science 
developed including its mutually effective rela- 
tions with the social (and sometimes physical and 
biological) environment. And we may expect some 
deliberate choice of specific historical investigations 
to lend credence to or to offer discrediting evi- 
dence about these explanatory interpretations. 

I am neither a historian nor a sociologist, and 
at a symposium of the unity of science movement, 
I can only join with those who are deploring the 
extraordinary lack of detailed studies in the his- 
tory of the social relations of science. I can only 
regret that the sociology of knowledge, and espe- 
cially of science, has remained so long outside that 
movement’s sweep, and so largely in the hands of 
metaphysically oriented = phenomenologists — and 
other speculative thinkers. The early death of Ed- 
gar Zilsel, a pioneer in the sociological treatment 


of science, left his work (2) tragically incomplete. 


H. Guerlac has described an essential testing 
ground of certain theories about the development 
of science, namely the effect of political structure, 
and, a fortiori, of revolutionary changes in _politi- 
cal structure, on science. E. C. Boring has consid- 
ered the positive and negative influences of cul- 
tural milieu or Zeitgeist on the individual creation 
of scientific ideas and perhaps on activities of indi- 
viduals and groups. And A. Koyré has focused 
this diffuse cultural that 
which has been so very important. in 


influence upon aspect 
\ western 
European science, namely philosophic systems or 
philosophic outlooks. 

I want to suggest what probably none of these 
writers would deny, that each article is part of a 
broader approach which relates the total aspects 
of society to science; and I shall offer a scheme 
which, because it is very simple, can relate the 
three articles and suggest certain problems and 
points of departure (3). Then I shall briefly apply 
this scheme to two particular scientific concepts. 
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The impacts of the sciences on the social \rd¢ 
have perhaps been most often examined, an | ap 
known to take many forms, direct and indir ct, | 
will, in view of this, turn my attention to th im. 
pact of the social order on science. In stu: yin 
the role of the social environment, past and pri sent 
vis-a-vis science, it is just as well to state boldly 
what we want to know about the state of sc ene, 
in some detail, namely, why the following as)ect 
exist as they do: 
scientific enterprise; (ii) the internal social char. 
acteristics of science, the variety and quantity o| 


(1) the social position o! th 


talent, the institutional forms, including profes. 
sional societies and mediums of communications 
forms of training and education of scientists, and 
of the public, and so forth; (iii) why certain prob 
lems are dealt with; (iv) why certain solutions 
(concepts and theories) are offered at the tim 
they are offered; (v) why certain solutions are ac- 
cepted; and (vi) why a mode of explanation 
accepted, dominating the judgment of a man, 
school or an epoch. 

It is, 


sources of problems from the sources of answer 


of course, important to distinguish th 


and solutions to these problems. Likewise it is nec- 
essary to realize that we seek the historical genesis 
of these problems and of their solutions. Explana 
tion of the history of scientific thought and practi 
will be genetic explanation (at least until histor- 
ical explanation generally advances to now w 
known characteristics). 

The source of problems and solutions are o! 
only two kinds, which may operate jointly in com 
plex fashion and may be difficult to disentangle 
(1) those due to previous stages of science, includ- 
ing of course other scientific activities, not logicall\ 
connected to the particular scientific activity wi 
seek to explain, and (11) those due to nonscientifi 
factors. 

There is another way of typifying the sources 

1) those internal to the science, and that generat 
a problem logically, and (ii) those that pose prob- 
lems only by external circumstance, in which cas 
the neighboring sciences form part of the external 
group. Those who have explored the external fac- 
tors have suggested a wide variety of social in- 
fluences on science: the influence of religion 
Max Weber, R. K. Merton, Charles Raven, G 
N. Clark, and S. F. Mason (4); the influence o! 
art-—-L. L. Whyte, Herbert Read, and occasional)\ 
A. N. Whitehead (5); the effect of social institu- 
tions——Thorstein Veblen, Max Weber, and Lewis 
Mumford (6) ; the influence of philosophy—Plato, 
J. S. Haldane, J. Maritain, A. Koyré, E. Mey: 
son, J. Nef, and F. S. C. Northrop (7); the 
fluence of the economic order and its cultural a: 
Karl Marx (8): the dist 
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litical institutions and misconceptions of 


ences: K. Popper, M. Polanyi, F. Hayek 


othe 

9 influence of social images projected into 
H. Kelsen (/0); the influence of irra- 
\oices of occupation and content——S. Freud 


\! of these have been documented sufficiently 


i 


may now ask that some comparative anal- 


ant 

ysis |} made. The significant hypothesis today, and 
for ne time past, would be one which tries to 
detcrinine the relations of dominance—for a spe- 


cific period of science, or even a specific scientific 

among the many factors that have been 
ted. The sweeping views of a Whitehead that 
the bifurcation of mind-body can be traced to Car- 
tesian philosophy; or of Northrop that the science 
and general culture can be determined by an 
epistemological decision about the apprehension of 
nature; or of Freud’s irrational determinants, or 
of the others, need to be put to a test which is 
somewhat different from that which they them- 
selves offer, By this I mean that their exposition 
seems to be incomplete. 

We must ask Koyré and Whitehead why a new 
philosophy of the cosmos, of a science that uses 
material, unspiritual, and nonmental substance, 
zains dominance? Why and where does it arise? 
We must ask Northrop, why should an epistemo- 
logical policy be proposed in the first place—surely 
not because of a previous epistemological decision 

and why should it have been accepted as ortho- 
dox or normal in the second place? Or, would 
Northrop claim that the history of epistemology 
has an independent development from which the 
history of culture, and indeed general history, is 
derivative? 

lo put these questions more generally, we must 
ask why the undoubted relations I have just listed 
between science and the many aspects of social 
and individual life, exist as they do. Thus the 
study of the history of science must be carried on 
as part of the study of the history of general cul- 
ture. For example, the study of the influence of 
religion on science—productive or restrictive—is 
only a step toward the study of the history of re- 
ligion, not in a mere descriptive sense as a sequence 
of stages that no doubt influence science, but as 
part of cultural history in its own right, with its 
own demand for knowing why the religious forms 
developed as they have. Only if the history of re- 
ligion is shown to be independent, or else depen- 
dent on still another aspect of society, will the re- 
livious explanation of scientific endeavors approach 
completeness. (Of course, if the history of religion 
is not independent and self-generating, then we 
iiust ask the same question of the historian of the 
irces of religion, in his turn.) 
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In the history of science there have been prob- 
lems which, looked at logically and with hindsight, 
demanded treatment and yet were not considered 
by scientists; or, if they were considered, no head- 
way was made either in theoretical treatment or 
in accumulation of evidence; or, again, that theory 
which satisfied an earlier scientific public seemed 
to a later scientist only to add to the puzzle (/2 
As often as not the later examination with changed 
criterions provided the stimulus to more compre- 
hensive theory and more thorough research. Con- 
trary to the thesis of Boring, I would say that men 
always go with the Zeitgeist; when they seem to 
oppose it, they do so within it, not against it, 
thereby revealing contradictory tendencies within 
it. We, as 


thinkers, recognize that the sources of creative sci- 


self-conscious and_ society-conscious 


entific theory—the ideas, analyses, visions of models, 
formal systems, experimental devices, and so forth 

may exist In any aspect of human experience 
whatsoever (/3); and we are receptive to the no- 
tion that all human 
have their genesis in other ascertainable parts of 


events, even creative acts, 


human culture. 

How can we protect scientific knowledge from 
its varied historical origins and influences? We 
may be tempted to use a principle of verification, 
and with it to recognize the cumulative nature 
and logical rigor of science. But I doubt that the 
verification principle taken by itself is sufficient to 
shield science. If we disregard the question, “Should 
empirical practice serving as verification be the 
filter for distinguishing true from false ideas?” we 


only those truths (and 


must recognize that (1 


falsehoods) can be filtered which a given environ- 
ment provides (including internal as well as ex- 
ternal factors), and error by omission and distor- 
tion may be great, (i1) the standards for judging 
truth are social 
Zeitgeist is a product of the Zeitgeist, (iii) 
tice has not, in fact, been the test for all the ac- 
cepted truths of Western science, not even some 


products, and hence Boring’s 


prac- 


contemporary science. 

We have, then, to distinguish three stages in the 
social influencing of scientific ideas: (i) the prob- 
lem that is attacked, (i1) the ideas and techniques 
brought to bear on it, and (11) the principles of 
verification that the society, as part of its culture, 
provides. ‘To free our science from its own socio- 
centric predicament would require as much atten- 
tion to the third, sociology of epistemology, as to 
the distortions introduced by the second, and the 
sins of omission in the first. And even then it is only 


a hypothesis that such self-knowledge would _re- 


lease a greater science than the past, in the sense 
that for all we know knowledge, even self-knowl- 
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edge, may be insufficient and unnecessary for the 
production of knowledge. 

My own feeling is that social conditions external 
to science act in two ways. In the first place, they 
are obviously sufficient to pose problems and direct 
the course of science or frustrate it utterly. In the 
second place, what is less evident, they are neces- 
sary for solving problems as sources both of ideas 
and of the verification principle. I shall sketch two 
examples briefly. 


Iil 


The development of the first two laws of ther- 
modynamics came long after the scientific data 
were available, and they arose because of the social 
stimulation of steam power engineering on three 
men who were not fixed in their researches and 
thinking by the orthodox physics and chemistry of 
their day (/4). Carnot was deliberately and ex- 
plicitly seeking to improve the efficiency of the 
steam engine when he formulated the second law 
in 1824. Joule, in reaching the first law, corre- 
lated electric energy with mechanical work and 
then with heat in an attempt to make an electric 
engine that would be more efficient than a steam 
engine; and by 1843 the juggling of these ideas 
into a mechanical equivalent of heat had occurred. 
Mayer, as a ship’s doctor, found in 1841 a need 
to suppose a mechanical equivalent of heat in 
discussing vital processes akin to combustion. He 
used Lavoisier’s theory of physiological combus- 
tion, and quite the same data as Lavoisier had used 
60 years before. But, as Lilley puts the matter so 
well, Mayer viewed the body as a heat engine, 
Lavoisier viewed it as a furnace or fire. Mayer 
even used the steam locomotive analogy as a per- 
suasive argument for the reader of his first paper. 

All these early discoverers of the conservation 
of energy, Carnot, Mayer, and Joule, argued that 
vis viva, (or twice our kinetic energy) was too 
important to be destroyed, quite like advocates in 
earlier centuries had argued about material sub- 
stance. The same argument was not offered by 
Rumford in 1798, yet it seemed so natural in 1840 
as itself to need no support. The cultural climate 
was so sharply different that Rumford, while dis- 
cussing the generation of heat by mechanical fric- 
tion never seems to have thought about the con- 
verse effect, namely the generation of mechanical 
motion by heat, even though the steam engine was 
already in some use and even though he was active 
in applying science to practical affairs. It was the 
wide growth of engineering research by nonscien- 
tists and the change in the Zeitgeist which made 
possible the new explanation. Actually the explana- 
tion was couched in almost metaphysical language 
and in highly a priori terms; this is surely a sign 
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that it was in the cultural air rather than ac al) 
a priori. It is notorious that the data dic no 
prove the hypothesis of conservation of e1 rgy 
The view that they did was based on argu: ents 
that would horrify an inductive statistician. Th, 
ways in which some scientific hypotheses and _ rip. 
ciples of high order and great importance ay 
been brought to science and accepted by svien- 
tists should make a logical analyst shudder. The 
role of dogmatic a priori and of analogies and of 
new problems disconnected from previous science 
has often been all-important. 
IV 

The concept of laws of nature likewise exhibits 
social origins, both as problem and as hypothetical 
solution of the problem (/5). The problem seem: 
as old as magic and ever-present, namely why is the 
world so irregular, willful, and unpredictable? Or, 
are there regularities behind the veil of apparent 
irregularities and dissimilarities? If so, why the 
regularities? Now law, as a supreme legislation 
for the behavior of natural objects, arose in the 
ancient world along with a society that had just 
become centralized and capable of its own univer- 
sal legislation, namely the joint appearance of the 
Babylonian creation myth of Marduk and _ the 
Hammurabi legal code in 2000 B.c. 

The pre-Socratics and Plato and Aristotle almost 
never used the idea of a law of nature (though 
they frequently used the notion of unlegislated and 
uncreated “natural” necessities or characteristics. 
By contrast they do have laws of men and gods 
sut the Stoics reintroduced law of nature again 
about 200 B.c., again at a time of political cen- 
tralization in the great Hellenistic monar- 
chies. It was only plausible that Roman Stoics 
would continue this conception in the Roman em- 
pire, composed of many cultures and one law. In- 


new 


deed the idea of an empirical natural law for all 
men and laws of nature for all nature was, broadly, 
a Roman commonplace. (Again the supreme law- 
giver of ancient Judaism and later Judeo-Chris- 
tian ethical religion helped to give science its idea 
of law.) Note that the naturalistic Democriteans 
and Epicurus do not speak of laws of nature, fo1 
they have freed themselves from the social image 
of a creator. In all these, the laws of mnan and of 
nature are not separated. Indeed medieval writers 
often speak of animals as obeying a code laid down 
by God and of men as obligated to obey theu 
human rulers only if the man-made laws conform 
with God’s. 

In modern science, the natural law as metapho! 
became explicitly so by the 17th century (and d 
tinguished from human and moral laws of be- 
havior of man), the first separation into metapho: 
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y occurs g about the time of Kepler. Descartes 
| spea the laws which God put into nature, Spin- 
oma he metaphor of Descartes, for Spinoza’s 
nant! stic God could not easily be a lawgiver. 


Note iat God, in earlier medieval time, was the 
will that brought the exceptions to the 


livit 

wOl the irregular occurrences, for example 
come and monsters. Now, after Descartes He is 
the | weiver for the regular occurrences. Again 
the ial model is the rise of a centralized politi- 
cal | legal authority, the new centralized nation- 
monarchies, the decline of local nobilities. As Zil- 


se] pointed out, Descartes’ idea of God as universal 


iskitor occurred soon after Jean Bodin’s new 
of sovereignty. ‘The coincidence deserves 


leg 
theo! 
careful examination from the historian of ideas. 
Ihe conception of an imposed law for nature 
originated in Oriental absolutism, declined in the 
Greek political fragmentation, flourished in the 
Greek and Roman world states, languished in 
medieval politically decentralized feudalism, (de- 
spite religious centralization), and revived with 
the birth of capitalist international relations and 
centralized nation states, attaining a metaphysical 
status in its new naturalistic revival. Of course 
this quasitheological stage of science has now been 
abandoned, an event dramatized by Laplace’s 
abandonment of the hypothesis of a 
legislator. We have now, in Pearson’s phrase, de- 
scriptions instead of prescriptions. But could the 
then 


universal 


recognition of statistical regularities and 
mathematical expression have been reached by any 
other road than the theological one we actually 
trave led? 

lhe only test comparison with a developed civil- 
ilization is that of nontheological China. As Need- 
ham and Northrop have remarked, theology in 
China has been so depersonalized, law made so 
ethical, humanistic, and particular, that the idea 
of a rational creator of all things was not formu- 
lated. Hence the idea that we lesser rational beings 
might, by virtue of that Godlike rationality, be able 
to decipher the laws of nature (in Galileo’s phrase, 
we might read the mathematical laneuage of the 
Book of Nature) never was accepted. 

he Zeitgeist of China exhibited a doctrine of 
harmony and of wholes, behavior in the natural 
expression of inner drives, not the expressed action 
of eternal and superior authority. China could have 
had a philosophy of organism, and if the other 
societal factors had given rise to a great activity 
aimed at understanding and controlling detailed 
natural processes (that is, it would have 
been functional at its base and probably nonme- 
chanical. But if such scientific activity had been 
strnulated theology might have developed too! 
\nd who can tell whether the theological mecha- 


science), 
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nism was not really necessary to have naturalistic 

science, or mechanical science to have a science of 

process and organism? As Needham asked “Was 
the state of mind in which an egg-laving cock could 
be prosecuted at law necessary in a culture which 

should later have the property of producing a 

Kepler?” 
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spective of the society which obtains it, and hen 
is distorted appropriately. It is an active researc} 
problem in Marxist sociology to determin» +} 
criterions for distortions and illusions as contrast 
with the objective truths in a historically clas 
sponsored system of knowledge. The general view 
that facts and mathematical formulas (to us. ¢| 
science of physics) are objective, but that the int 
pretation of the symbols tends to be ideolovical 
distorted, for example the formulas of quantu 
mechanics as contrasted with the Bohr interpret 
tion. For a popular provocative essay on this, sve ( 
Caudwell, The Crisis in Physics (Bodley Head, Lo: 
don, 1939). 

K. R. Popper, The Open Society and its Enemi: 
(Routledge, London, 1945); M. Polanyi, The Log 
of Liberty (Routledge and Kegan Paul, Londo; 
1951); F. A. Hayek, The Counter-Revolution 

Science, (Free Press Glencoe, Ill., 1952 

H. Kelsen, Society and Nature (Kegan Paul, Lo: 
don, 1946 

S. Freud, Civilization and Its Discontents (Hogart 
Press, London, 1949), for example, p. 63, also |} 
The Future of an Illusion (Hogarth Press, Londo: 


his Nez 
(Hogarth 
ture 35. 
See the chapter “The postponed scientific revolutio: 
in chemistry’ in H. Butterfield, The Origins 
Modern Science 1300-1800 (Bell, London, 194 
and Macmillan, New York, 1950), and, for studies 
of scientific prophets before the times, see, in physics 
for example, D. W. Singer, Giordano Bruno H 
Life and Thought (Schuman, New York, 1950) and 
in history, H. P. Adams, The Life and Writings « 
Giambattista Vico (Allen and Unwin, Londo: 
1938). The converse effect, namely very advanced 
technical accomplishments that could not be utilize: 
until social demands reached a certain level of tec! 
nologic competence, is discussed in A. R. Hall, 
op. cit. (8). 

See, for example, J. Hadamard, An Essay on the 
Psychology of Invention in the Mathematical Field 
(Princeton Univ. Press, Princeton, 1949). 
Although I was led to the thought of this sectior 
by reading Mayer, it was gratifying to find the sam 
conception in the exploratory article by S. 
“Social aspects of the history of Science,” 
Arch. intern. hist. sci. 28, 376 (1949). 
This section is broadly due to the 
Zilsel. See also Kelsen, of cit. (10); E. V. Arnold 
Roman Stoicism (Cambridge Univ. Press, Can 
bridge, 1911 and J. Needham’s 
morial lecture for 1950, Human Law and the I 
of Nature in China and the West (Oxford Univ 
Press, London, 1951) from which the final qu 


Introductory Lectures on Psycho-Anal) 


Press, London, 1949), especially Le 


sect 


tion is taken (p. 42). Needham’s studies are carried 
further in his article “The pattern of nature-mysti- 


cism and empiricism in the philosophy of scienc: 
third century B.c. China, tenth century a.p. Aral 

and seventeenth century A.p. Europe” 
volume of Science, Medicine and History 
mark about the organic self-causation views of ¢ 
nese thought are due, in part, to Derk Bodde ‘‘H 


mony and Conflict in Chinese Philosophy,” an ess) 


in Studies in Chinese Thought, Arthur Wright, ] 
Memoir 75 of the American Anthropological As 
ciation (Chicago, 1953). 
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New Hampshire and West Texas College. 


N October 1953 the Philippine Republic cele- 
brated the completion of the first phase of the 
Maria Cristina power project in northern Min- 

danao. Maria Cristina symbolically portrays the in- 
terest of the Philippines in developing a power base 
for industrial utilization of Philippine resources. 
Because the islands possess little coal and no known 
petroleum deposits of significance, hydroelectricity 
is of necessity a logical and economically practical 
source of power for the development of industry 
and the improvement of living conditions. In addi- 
tion, the mountainous terrain and the heavy annual 
rainfall make hydroelectric projects obvious possi- 
bilities. 

Power development in the Philippines is en- 
trusted to the National Power Corporation, an in- 
strument of the Philippine Republic. Organized in 
1937, the corporation started its first hydroelectric 
project on the Caliraya River southeast of Manila 
in 1939. Although the plant was completed by the 
Japanese in 1942, it was dynamited during the bat- 
tle of liberation. Rehabilitation was completed in 
October 1947. The Caliraya project is on a plateau 
more than 1000 ft above sea level and includes a 
rolled earth dam across the river. During the rainy 
season the dam impounds water in a reservoir that 
has a useful storage capacity of 78 million cubic 
meters. Three 60-cy/sec generators, each rated at 
10.000 kva, were originally installed (/). 

Postwar plans. After the liberation, the National 
Power Corporation, in collaboration with Westing- 
house Electric Company of the United States, es- 
tablished a postwar rehabilitation and long-range 
development plan consisting essentially of four 
miain parts. 

(he first project in the first part of the long- 
tinge program was the construction of another 
d earth dam across the Lumot River, a tribu- 
of the Caliraya. The resulting reservoir pro- 
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vided water for diversion to the Caliraya project 
and thus made possible the use of a fourth 10,000- 
kva generator. Completed in 1951, the combined 
Caliraya-Lumot project produces 58.000 kw. 36.000 
of which are sold to the Manila Electric Company 
for distribution in Manila (2). Although unrelated 
to the Caliraya-Lumot project, the Ambuklao and 
3inga projects on the Agno River in northern 
Luzon are also included in this part of the pro- 
oram. 

The second part of the development program 
involves the Maria Cristina 


power-industrial project on the Agus River in 


the construction of 


northern Mindanao. 

The construction of a number of small hydro- 
electric projects scattered over the country, with a 
total capacity of 8000 kw, constitutes the third part, 
and the construction of steam plants with a total 
capacity of 5000 kw in areas without water-power 
sites represents the fourth part of the program. 

At present the Caliraya-Lumont project, as well 
as several small scattered ones, is completed. Work 
is progressing on the Ambuklao site, and the first 
phase of the Maria Cristina project is in operation. 

Ambuklao-Binga projects. A major aspect of 
Philippine power development is a multiple-pur- 
pose project in which the Agno River of northern 
Luzon is to be harnessed for power production, 
. The Agno River 


) 


flood control, and irrigation (3 
heads on the southern slopes of Mount Data, ap- 
proximately 70 km northeast of Baguio in Moun- 
tain Province, Luzon. Flowing southward for about 
110 km between two great ranges of the Central 
Cordillera mountain chain, the debouches 
into the central plain of Luzon at San Manuel, 
Pangasinan. Following a semicircular route to the 
west across a flat alluvial plain, the river empties 
at last into Lingaven Gulf, an arm of the China 
Sea. 
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During the early Cenozoic age, a series of lava 25 





flows and water-deposited sedimentary rocks were 
laid down in this region. Later, mountain-building 
forces fractured and metamorphosed the lavas and 
sediments, and intrusions of molten diorite took 


place. 


20 









After their formation, the rocks were long sub- 
jected to erosion, during which time the Agno 
Valley was eroded nearly to sea level one or more 
times. In addition the river was in a stage of ag- 
gradation for a period, and it developed a mean- 
dering course not controlled by the structure of 10 
underlying rock. Recent uplift has brought re- 
newed downcutting, causing the stream to intrench 
itself. Wherever the river was by accident super- 
imposed on a zone of weakness, it has straightened 
its course, so that in some places it seems to be 
subject to structural control, but not in others. 
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Today the watershed is geologically young, very 

















mountainous, and subject to rapid erosion because 
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distribution in the Agno River-Baguic 
few suitable reservoir sites. In a distance of 50 mi area points out the need for both flood-control and irri- 
; Paw - : gati aspects of the Ag roject. The wet season is as- 
above its exit from the mountains, the river drops 8@¥0P_ aspects of the Agno project Coe aie ae oe 
‘ : : : sociated with southwest monsoon, yut floods are Caused 
approximately 2000 ft. During the July-to-Decem- primarily by typhoons. [Source: Philippine Air Lines 
ber rainy season typhoon rains cause heavy floods, Pata from Philippine Weather Bureau] 
but during the dry season flow drops to as little as 
a few cubic meters per second. The watershed has 


of the steep hillsides and perpendicular precipices 
along the canyon. The valley itself is narrow with pis. 2. Rainfall 














received what is perhaps a world’s record rainfall — %_,*«, 
. ° ° ° ° - [ao ‘ 
for a single storm, with 48 in. in 24 hr and 105 in. = 
: ae \ : é 
in less than a week (Figs. 1, 2). ys 
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Fig. 1. Central Cordillera of north-central Luzon. A tri- 

butary valley illustrates the rugged topography typical of | Fig. 3. Seven actual power sites will eventually be « 
the Agno Valley. Primitive Kaingin (shifting) cultivation structed on the Agno-Toboy rivers. Water from the Agr 
by Igorot farmers has destroyed the forest cover. Scene — will be diverted by tunnel to the Te oy for further cont 
near Itogon gold mine. and power development. 
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Fig. 4. Ambuklao Dam, with its large reservoir, will feed lower stations as well as generate power at its own site 
Binga, with a much smaller reservoir, will provide peaking capacity for Ambuklao, making the two essentially one 


project. 

As a result of its geologic and physiographic his- 
tory, the Agno River represents a considerable po- 
tential of hydroelectricity, but there are many diff- 
culties to be faced in actually producing it. Al- 
though the diorite and metamorphic rocks are 
deeply weathered at the surface, as is usual in the 
tropics, the rock below is very hard, forming ade- 
quate foundations. With care, the fractured zones 
can be avoided in subsurface construction. By pro- 
viding relatively high dams for hydroelectric de- 
velopment, some measure of regulation of flow 

be attained and minimum flow can be in- 
creased to a discharge level high enough to permit 
the use of water throughout the year for power and 
irrigation, 

lhree reservoir sites have been chosen on the 

no River and others on the Toboy River, a tribu- 

to which water from the Agno is to be diverted 
further regulation and power development 

3). The uppermost of the reservoirs is to be 
ted by the Ambuklao Dam. At this site the river 
s from north to south in a narrow gorge be- 
n two ridges. Above the gorge the river has a 
tively wide valley for the reservoir basin. Below 


ary 1955 


the gorge the river flows in a narrow meandering 
valley with several marked loops in the course just 
the dam. By running the tailrace tunnel 


under several of these loops, it is possible to obtain 


below 


a greater head than if the power plant emptied 
directly into the river at the power site. 

Since Ambuklao has the largest reservoir capacity 
and is uppermost on the river, its water will be 
drawn upon to the practical limit for use in several 
downstream projects. Because of the large pos- 
380 ft. 


Ambuklao is not well suited for peaking capacity 


sible drawdown from a net head of 564 to 


The Binga project, however, just below Ambuklao, 
has a small reservoir useful only for daily or weekly 
load-factor regulation. Therefore there has been a 
tendency to consider these two projects as one, with 
peaking capacity largely at Binga as far as ultimate 
operation is concerned. On the basis of lowest net 
head (380 ft 
sumed. Three 25,000-kw generators are being in- 


a production of 51.000 kw is as- 
stalled, with 50,000 kw as the basic installation and 
the remaining 25,000 kw to take care of higher flow 
during the wet season and to serve as reserve ca- 


pacity (Fig. 4 












Fig. 5. 
considerably diminished in volume by 
Linamon River to ease construction of power facilities. 
Eventually the entire river is to be diverted through pen- 
stocks bypassing the falls. 


Maria Cristina Falls, in a Niagaralike gorge, was 
diversion through 


For 


only operating plant. During this time there will 


some years to come Ambuklao will be the 


be no need to draw down the reservoir for down- 
stream plants, and Ambuklao production can be 
maintained at a minimum power capacity of 60,- 
000 kw to meet the prime power demand of Manila 
and the Baguio mining district. When the complete 
project is in operation the total output with mini- 
mum reservoir levels is expected to be 324,000 kw, 
total production with full reservoir levels 
should be 430,000 kw. 

An earth- and rock-fill type of dam 432 ft high 
and 1406 ft long at the crest, with a gated spillway, 


and 


is being constructed to create the Ambuklao reser- 
voir. Because of the flood problem, an underground 
powerhouse was decided upon, with both power- 
house and tailrace tunnels located in the more uni- 
formly solid diorite. 

Seyond the mouth of the mountain gorge the 
Agno flows across the plains of Pangasinan, one of 
the major agricultural areas of Luzon, which, nev- 
ertheless, is not fully exploited because of lack of 
irrigation. Plans for irrigation of about 30,000 hec- 
about 74,000 acres) 


rupted by the war, for the Ambuklao project is not 


tares in this area were inter- 
a prerequisite to a plan concerned primarily with 
the 
rice yield at that time of year. The Ambuklao proj- 


wet-season irrigation to insure and _ increase 

ect, however, makes possible a second or dry-season 

crop on about 20,000 hectares of irrigated land. 
Floods in the Pangasinan plain area, which is 


quite heavily populated, cause an estimated annual 








loss of 1,500,000 pesos (approximately $751 





with 8,500,000-peso losses incurred in the > er 
1935-37. Early wet-season floods will be abs srhy 
by the low reservoirs of the project, and lat we; 
season floods should be moderated at least. 

Maria Cristina project. By far the best jow 
source in the Philippines is the Maria Cr stin 
Falls site and the Agus River-Lake Lanao basin ; 
which it is a part. A total production of 75)),() 
kw is expected from the ultimate basin proj 
with 200,000 kw coming from the Maria Cristi: 
site alone. It is estimated that electricity c: 
produced and sold here for 0.3 ct/kw hr. 

In contrast to the Ambuklao project in Luzor 
with its great seasonal variation in water sup] 
difficult terrain, poor reservoir sites, and a read 
nearby market, the Maria Cristina area has a larg 
natural reservoir, steady water supply througho 
the year, a favorable terrain, but no developed mar- 
ket. As a result the project also includes a govern 
ment-sponsored fertilizer plant that will require ¢] 
greater portion of the initial power production 

Located on the northwest coast of the main bod 
of Mindanao, Maria Cristina is in a positior 
make possible the modern development of one « 
the most naturally productive sections of the Phili 
pines. The area is essentially a recently uplilte 
lava plateau, with layers of dark basalt interbedde 
with deposits of conglomerate. A narrow coast 
plain fringed with coral intervenes between th 
edge of the upland and the sea. Streams tumblin 
over the plateau edge have retreated by undercut- 

















ting, creating narrow deep gorges with verti 
falls. The most prominent of these is Maria Cristi: 
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Fig. 6. Annual rainfall in the Lake Lanao area reflects 
influence of location near the equator. Relatively even 
tribution is an asset to power generation and largely 
moves the flood and irrigation problem. [Source: Ph 
pine Air Lines. Data from Philippine Weather Bur 
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Fig. 8. Maria Cristina power station was constructed to 
contain three 25,000-kw generators, but only one has been 
installed. Planned additions to the station will produce 
200,000 kw. [Courtesy National Power Corporation] 


Falls, a short distance back from the sea on the 
Agus River (Fig. 5). Dropping 3 times the height 
of Niagara Falls, although probably with only one- 
third of the volume, the Agus River has created a 
scene of entrancing beauty. A thick growth of rain 
forest clothes the approaches to the gorge, while 
ferns and luxuriant vines and bushes, nourished 
by rows of springs issuing at the contact of basalt 
and conglomerate, cover the sheer walls. The river 
rushes in a wild torrent, filling the entire bottom 
of the gorge. Above the falls the plateau rises 
steadily toward the high interior of the island. 
The countryside is rolling, with volcanic promi- 
nences here and there in the distance. Lake Lanao, 
source of the Agus River, is a beautiful lake of 
volcanic origin well back on the interior plateau, 
forming a natural reservoir of large and dependable 
size. Rich soils from the young basalts and uniform 
rain conditions throughout the year are reflected 
in the bountiful production of fruits and crops be- 
yond comparison in most of the Philippines. In 
fact, it is from Iligan, a tiny frontier port near 
Maria Cristina, that the bulk of the bananas for 
Manila markets is obtained. On the higher eleva- 
tions toward the interior, the colorful Moro farm- 
ers raise corn instead of the usual rice, and herds 
of cattle on the green and rolling countryside re- 
mind one of the Appalachian Plateau of southern 
New York State. It is difficult to realize that the 
latitude is only about 8°N, despite the presence of 
palm and banana trees (Fig. 6). 

Since the Maria Cristina Falls and resulting 
gorge resemble the falls and gorge of the Niagara 
River, it is perhaps not illogical that the power de- 
velopment should follow lines practically identical 
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to those revealed by American and Canadian 
plants along the Niagara. Basically the techni « 
very simple. As at Niagara, the river makes a_ ight. 
A canal d vert 


water from the upper river, crossing the an: le { 


angle turn just above the falls. 


the gorge, thus bypassing the falls. From the «an 
water drops through a large penstock to a power. 
house in the gorge below. After motivatine thy 
turbines, the water escapes through the ta 
into the lower river (Fig. 7). 

The actual installations reflect some of the nop. 
engineering problems involved. The entire projec: 
is financed by Philippine capital alone, a rathe 
difficult undertaking for the newly established ¢ 
ernment with its host of war-inherited problems 
It is also a fact that there are no present markets 
awaiting the power development. In a sense this i 

frontier area, at least for the Christian Filipino 
for the Agus Valley is well populated with Mor 
farms and villages, and Dansalan, at the outlet of 


OV- 


Lake Lanao, serves as an important Moro capital 
The Moros have no interest in the type of indus. 
trial development or life required in the utiliza- 
tion of Maria Cristina power. Rather, they stand 
to lose their land and way of life as modern devel- 
opments operated by and for the Christian Filipin 
move into the area. Moro raids have been frequent 
enough to require considerable watchfulness. A\ 
any rate there are no indigenous towns or indus- 
tries in the area at present sufficient to utilize eve 
a fraction of the power. 


In view of this, a powerhouse large enough 
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Fig. 9. The entire Agus River-Lanao Basin project \ 
contain six dams and seven power projects produc 
750,000 kw of electricity. A large-scale industrializat 
of the frontier area is visualized. 
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NAS 


hol e 25,000-kw generators was constructed, 
one generator was installed. As markets 


it is planned to install two more generators 


r ntually to add to the powerhouse until a 
Dos 200,900 kw can be generated (Fig. 8 

| sure a market for the power, as well as to 
pr much-needed fertilizer, a 50,000-metric-ton 


ammonium sulfate fertilizer plant was 
cted by the Philippine Government on the 
bout 2 mi from the power site. In addition 


NASCO (National Shipyards and Steel Corpora- 
tion) is constructing a steel-rolling mill nearby (4 
Since the fertilizer plant alone requires 22,000 kw 
it seems that a power shortage, rather than a lack 
of market, will soon be the problem. 

\n interesting aspect of the Agus River course 
is the fact that the river bifurcates 4 mi or so above 
its mouth and empties into the sea through two 
separate channels. ‘The smaller, known as the Lina- 
mon River, also has a falls similar to Maria Cristina 
Falls, though considerably smaller. ‘To facilitate 
construction at the Maria Cristina site, a majo1 
portion of the Agus flow was diverted through the 
Linamon channel. Later, however, plans call for 
complete diversion of the Linamon through the 
\eus channel for utilization of the entire river at 
the better Maria Cristina site. A dam will also be 
built in the rapids just above the falls to further 
increase the head, and a total of seven power proj- 
ects requiring six dams will eventually be installed 
Fig. 9). 

Conclusion. Philippine plans for hydroelectric 
development are sound, practical, and desirable. 
\ccomplishment is difficult, however, Beyond the 


obvious problems of short dollar supply, inflation, 
and internal and international disorders, there are 
specific problems of local character. Both the Maria 
Cristina and Ambuklao projects are in relatively 
isolated semifrontier situations. If a simple tool 
such as a reamer is broken, the engineer cannot 
dash over to the nearest hardware store, for there 
is none. He has to send to Manila or perhaps to 
the United States for a tool. There is no pool of 
skilled workers. Suc h as bricklayers or welders. Phe 
few persons with such skills are likely to prefet 
employment in Manila rather than in the Moro 
country of Mindanao or the _ Igorot-inhabited 
Mountain Province of Luzon. In time this situation 
will improve, for the projects themselves are ac- 
tually training programs. A tendency to ignore the 
need for replacement, repair, and alteration of 
original plans has handicapped the actual construc 

tion and possibly will handicap the future operation 
of the projects. Nevertheless, an essential step is 
being taken to bring about industrialization, better 
use of natural resources, national self-sufficiency, 
and improvement in standard of living for the 


Philippine Republic. 
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Science is the great instrument of social change, all the greater because 


ts obye ct 


is not change but knowledge, and its silent appropriation of this dominant function, 


amid the din of political and religious strife, 
which have marked the developme nt of modern civilization 
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is the most vital of all the revolutions 
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Why Science Attachés’? 


Dr. Loftness, who is a project engineer in the Atomic Energy 
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ment of North American Aviation, Inc., Downey, California, served as 
attaché at the American Embassy in Stockhelm, Sweden, during the 
1951-53. He was educated at the College of Puget Sound, the Univer 
Washington, and the Swiss Federal Institute of Technology, and was a r¢ 


HAT is a science attaché? What does 
he do? These two questions were asked 
innumerable times during my 2-year as- 
signment at the American Embassy in Stockholm. 
They have been asked as often since my return to 
the United States. 

The questions were asked in all sincerity. When 
asked by scientists they were toned with skepticism; 
what possible service could a Foreign Service Off- 
cer render to well-developed international scien- 
tific circles? When asked by laymen the questions 
were tinged with amazement; do foreign affairs 
and science have anything in common? As we dis- 
began to under- 


= 


cussed the questions, these people 
stand the reasons why science and foreign relations 
are interrelated. They began to see why many gov- 
ernments have appointed science advisers and sci- 
ence attachés. They realized that the pace of sci- 
entific progress is quickening, and that this progress 
is frequently creating problems in foreign affairs. 


Whom Do Science Attaches Serve? 


A science attaché has three basic functions; he 
is an adviser on scientific matters, a reporter of 
scientific events, and a representative of this govern- 
ment in scientific affairs. He serves not only his 
government but also the individual scientists of his 
country. The demands on his talents come from 
varied sources. The demands must be filled with 
an understanding of the background and interests 
of those making them. 

Scientists all have a direct interest in scientific 
data and news. Hundreds of scientific and technical 
journals are published to provide this information. 
Publications, however, often lag 1 or 2 years be- 
hind the completion of experimental work. Much 
research, especially of an applied nature, is never 
published. Much is published in foreign languages 
and never gets the attention it deserves in English- 
speaking countries. 

Scientists want help in making contacts and in 
financing visits and fellowships. They are interested 
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chemist in the Radiation Laboratory of the University of Californi 







in the proceedings of scientific congresses. [| 


benefit by help in overcoming legal barriers t 


exchange of personnel and matériel. 

It is true that there are some scientists who ne 
very little liaison help. Widely traveled prominer 
scientists have all the contacts they can_possib 
maintain. They attend numerous internation 
scientific meetings. ‘Their every word is publishe 
But only a small percentage of the world’s scientist 


Most 


blessed with international fame, and they do n 


achieve such positions. scientists are n 
have unlimited funds for travel. Younger scientist 
and those who have come across promising idea 
in fields bordering their own, need liaison hel; 

Our responsibility to scientists, both America 
and foreign, was to provide a point of contact 
provide information, and to act as a catalyst 
promoting the exchange of personnel and inforn 
tion. 

The relationship and duty of a science attacl 
to his government has a number of facets. There 
a dual liaison and adviser function. There is 
interest in political and economic information as 
well as scientific data. There is a wide audience o! 
specialists and experts of all kinds. 

The United States Government has many ag 
cies and activities interested in foreign science and 
technology. Some activities are directly concerned 
with the exchange of scientific and technical in- 
formation and personnel. These include the F 
bright and Smith-Mundt programs, the Point F 
now under the Foreign Operations A: 
ministration), the Mutual Security Administratio! 
and the National Science Foundation. Other agen 


cies, engaged in extensive research activities of t! 


program 


own, are interested in reports on scientific researc! 
abroad. In this group are the Departments of A 

culture, Air Force, Army, Commerce, Interior, and 
Navy, as well as the Atomic Energy Commission. 
the Public Health Service, and the National Ad- 
visory Committee for Aeronautics. The Dep: 

ments of Agriculture, Air Force, Army, Navy, and 
the Public Health Service find liaison so important 
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y have their own scientific and technical 
ficers abroad. 

aison function with regard to the govern- 
filled partially by the same types of activities 
that <crve individual scientists. There is an addi- 
interest, however, in organizational and 
rial problems. ‘There is a requirement for 
1 on some aspects of basic and applied re- 
that are largely government domains 


geology, geography, agriculture, forestry, 


( ers. 
| position of a science attaché as an adviser 
n science in foreign affairs is a unique one. The 
Embassy in Stockholm was organized, as elsewhere, 


mainly around political and economic affairs. ‘This 
reflected in its reporting. Other aspects of 
n affairs were, to be sure, appreciated. They 
ared to be subsumed, however, in the political 
economic complexion of foreign relations. It 
perhaps for this reason that my nonscientist 
‘agues appeared to be more sympathetic in their 


erstanding of technical developments and thei 
onnection with foreign relations than in_ basic 
search problems. 
The effect of science and technology upon for- 
| policy is a relatively long-range affair. ‘There 
re not many pressing scientific crises demanding 
immediate solution. There have been in the past, 
however, a number of scientific and technical de- 
elopments that have significantly affected foreign 

lhe Haber process for the fixation of nitrogen 
from air was discovered and developed in the years 
1908-14. Its importance to the German war effort 
was not given sufficient emphasis. ‘The process 
provided explosives, however, to continue the war 
for 3 years longer than had been calculated on the 
basis of Germany’s prewar supply of Chilean ni- 
trates. 

Che principle of the submarine was known long 
before World War I, yet its vital war role was not 
widely accepted until intensive submarine warfare 

a fact. 

Our foreign policy toward rubber-producing 
ireas has markedly changed since the development 

vnthetic rubber. The invention of rayon, nvlon, 
ind other synthetic fibers has caused major eco- 

mic disturbances in silk-producing areas. The 
invention of the Haber process for fixing nitrogen 
not only lengthened the war in Europe but also 
had severe economic repercussions in Chile, be- 
cause it destroyed the market for one of her chief 
exports. The market for American domestic wood 
alcohol dropped suddenly in 1920 when a German 
ship docked in New York with a load of synthetic 
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wood alcohol which sold for half the usual price 

The first jet aircraft and the V-1 and V-2 rockets 
burst upon the military scene with seeming sur- 
prise—yet the principles and even the state of 
development in Germany were known before the 
last war. 

The most significant single scientific development 
te affect foreign affairs was, of course, the discovery 
of nuclear fission. It has resulted in a weapon of 
unsurpassed power and has kept postwar diplomacy 
under tensions unprecedented in history. ‘The les- 
sons learned from World War II scientific develop- 
ments keep military organizations at sharp atten- 
tion for new developments. New discoveries of 
military importance will probably receive careful 
evaluation. 

There remain, however, many nonmilitary sci- 
entific developments that might alter our economic 
or political relationships with other countries. ‘These 
include atomic and solar power; simple, effective 
birth-control methods; the ability to conquer cer- 
tain plague diseases; new techniques for producing 
food; new educational techniques; and others. 

Science attachés should collaborate with eco- 
nomic and political officers in evaluating the mean- 
ing of scientific and technical developments in 
terms of long-range economics and politics. ‘This js 
a large, difficult, and precarious task, somewhat 
afield from ordinary scientific pursuits, but one of 


paramount impo tance. 


Duties as Originally Defined 


Phe Science Office within the State Department 
was established after an extensive survey had been 
made of the needs of both government and private 
agencies. This survey endeavored to answer two 
questions: “first, how can the potentialities of scien- 
tific progress be integrated into the formulation of 
foreign policy, and the adminstration of foreign 
relations, so that the maximum advantage of sci- 
entific progress and development can be acquired 
by all peoples? And second, how can foreign rela- 
tions be conducted in such a manner as to create 
the atmosphere that is essential to effective progress 
of science and technology?” 

This survey resulted in a report entitled Science 
and Foreign Relations. [Department of State Publi- 
cation 3860, Lloyd V. Berkner, Ed. (May 1950). 
This report constituted the major instruction man- 
ual for the first science attachés. It contained a 
wealth of information. Many of the thoughts in 
this article have been drawn from this report. The 
difficulties we encountered as science attachés 
were largely anticipated by this report. 

















As stated in Science and Foreign Relations, the 


functions of the science attachés were to include: 


Reporting on significant. scientific and tech- 
nological developments 

\ssistance in the exchange of scientific informa- 
tion 

\ssistance in the exchange of scientific persons 

Assistance in the procurement of scientific ap- 
paratus, chemicals, and biologicals 
United States 


abroad having programs with scientific and tech- 


Cooperation with all groups 


nological aspects 
General representation of United States science 
Scientific and technical advice to the Embassy 
staff 
Arrangement for collaborative research projects 
between United States and foreign scientists 
General promotion of better understanding be- 


tween United States and foreign science. 


Duties Actually Performed 


The duties, as outlined, were well chosen. In 
practice we had occasion to perform all of them. 


The particular emphasis we placed on these duties 


arose from the nature of scientific activities in 
Scandinavia and upon the fact that we were the 
first science attachés in this program to be as- 


signed to this area. 

The bulk of the first 2 years’ work was devoted 
to a basic survey of scientific activities in Scan- 
dinavia. Most of these data, submitted for the first 
time during those 2 years, need not be comprehen- 
sively reviewed again for perhaps 5 years. 

We provided information about American scien- 
tific activities to Scandinavian scientists upon re- 
quest. 

We assisted in the exchange of scientific personnel 
through existing government channels and private 
foundations. 

We attended and reported on scientific con- 
oresses, 

We helped arrange for American scientific films 
to be loaned to universities in Scandinavia. 

We expedited export permits for critical scien- 
tific equipment from the United States. 

We spent some of our time in consultation with 
other members of the Embassy staff on their prob- 
lems. 

There is, at any Embassy, a constant flow of 
problems that merit the attention of a science at- 
taché. In Stockholm one such problem concerned 
a fireproofing agent. An inventor came to the Em- 
bassy with a claim of having discovered a new and 
outstanding fireproofing agent. His hope was to 
receive help in the commercial exploitation of this 
the United States. 


invention in A demonstration 
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was made. A blowtorch flame was applied ti ya; 
ous pieces of building board that had been 1 eajeg KR to: 
with the agent. By observation, the fireprvofing 
agent was indeed better than nothing at al. Py 
closer inquiry about the nature of the agent ye. JB ofl 
vealed that it was a mixture of borax and _ boy; 
acid. These have both been common fireproofin 
agents since the last century! The inventor h: 
bothered to investigate the previous art of fire. 
proofing agents. He was asked to have scienti 
comparison tests made at the local govern 
testing station to provide sound technical data }; 
support of his claims. He wasn’t heard from again 

As the science attaché program becomes ior t] 
firmly established, the responsibilities of the science 
attaché will become more clearly defined. Coop: 
ative consultations with other Embassy staff men 
bers on problems involving science and foreign re- 
lations will broaden in scope. General reporti: 
work will probably diminish, while scientific re. 
quests for information will increase. 


Where Should Additional Emphasis Be Placed? 


Based upon experience in Scandinavia and wit! 
out intimate knowledge of the problems at th 
Washington end of the program, I would make thy 
following suggestions: 

Articles should be published in established jow fs 
nals. Each attaché should write two or three art! 
cles each year for regular scientific journals. ‘Th: 
articles could be about specific research programs 
scientific congresses, problems of science and foreig 
affairs, or other appropriate subjects. The articles 
should appear in widely distributed journals rather 
than as government dispatches. Perhaps an officer 
in the Washington Science Office should be dele- 
gated to coordinate the publication of such articles 
determine journal requirements, edit, and arrange 
for appropriate clearances. 

English-language handbooks on scientifu 
search should be published. Where summaries o! 
research in progress are not available in the Englis! 
the should 
publication by local groups of handbooks or bro- 


language, science attaché encourast 
chures describing scientific research in various 
fields. Such handbooks should 


formation about laboratories, universities, govern- 


include basic in- 


ment scientific organizations, academies, and so on 
and should be revised every 5 years or so. If neces- 
sary, the science attachés should take an acti 
part in writing such handbooks. 

Files of information on American research should 
be maintained at posts abroad. The science ati 
chés should be supplied with current information 
about research at universities, academies, researc! 
institutes, and industrial and government labo: 
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the United States. This information jis 
e to the attaché in answering requests for 
on about American research. ‘The science 
offices sould be on the mailing lists for such publi- 


onomic and political aspects of scientific 

hould be emphasized. Although this task is 
with difficulties, it should be attempted. It 
'b that is most unfamiliar to scientists, yet 
s ob of most significance to the State Depart- 
Efforts should be made to evaluate expected 
s in individual sciences as they might change 


the nomics or politics of each country. ‘This 


consideration not only of progress within the 
y itself but also of progress in other countries 
political or economic ties exist. 

attachés should be 
hed. As in any permanent service, continuity 


A wreer for some sclence 


nportant. It is difficult to find prominent scien- 


tists who are able to take a year or two from thei 


scientific specialty to be science attachés. They can- 


eave their research work unsupervised for 
periods. Often their university or organization 
s reluctant to permit extended absences. 
lt is the prominent scientist who has the most to 
Yer foreign scientists and who will most certainly 
ommand their respect and gain their confidence. 
hese are the men who would add the most to our 
tific prestige abroad. Yet hardly do they get 
don the job then they must leave. Continuity 
icking as well as the know-how, know-whom, 
w-where, and know-what that come with ex- 
erience on any job. 
(here is a need around these temporary science 
iitachés for a core of career liaison officers to 
vide the continuity necessary. A place should 
tablished within the framework of the Foreign 
for perhaps six career science attaches. 
should be men of broad scientific training 


who have an interest in foreign affairs. Although 


ialists, they should have opportunities for ad- 
incement equal to other regular foreign service 
rs. There is no reason why these men, aftet 


icquiring experience, should not fit into the regular 


corps of officers. Their scientific background would 
result, naturally, in assignments largely of a special 
nature those ot science attac hés, delegates to Sscl- 
entific meetings, representatives to organizations 
such as UNESCO, and so forth. 


Prominent SCL ntists should be appointed for 


special short term jobs. These men can_ usually 
afford to spend only limited periods away from 
research activities. They should be given, therefore, 
special assignments of 3 months to | year. They 
should be allowed to concentrate upon the most 
important aspects of the job. The routine work 
should be carried by the career attachés. 

The knowlede 
should be 


abroad at government expense, should be asked to 


of visiting American scientists 


utilized. American scientists. traveling 


write a trip report. These reports should contain 
information about research, problems of the foreign 
scientists, fellowships available or desired, and so 
forth. ‘The report should be supplied to the science 
uttachés as well as to the government agency 
sponsoring the trip. 

Activities should be extended to other countrie 
of the world. At the present time, science attachés 
are stationed only at London, Bonn, Paris, and 
Stockholm. 


rate scientific organizations, and there are wide 


These European countries have first- 


areas of contact. However, the development ot 
science is Important in all countries, and we should 
take an active interest. The report Science and 
Foreign Relations 


sent to all areas of the world. This should be done. 


recommended that attachés be 


The duties of science attachés in “underdeveloped” 
countries would be different but extremely worth 
while. 

Both basic and applied sciences should be em- 
phasized. The initial emphasis has been largely 
upon the basic sciences. Although important dis- 
coveries occur constantly in basic science, it is the 
application of science that affects politics and eco- 
nomics. Attention should also be given to applied 
research. It is at the applied research stage where 
results of immediate economic and _ political im- 


portance are found. 
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It requires a very unusual mind to undertake th 
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SCIENCE ON 


"pence continues as a world leader in pro- 
ducing radioactive material for peaceful in- 
ternational use. Because of the growing demand 
from home and abroad for these valuable mate- 
rials, so important in medicine, science, and indus- 
try, a number of new buildings, especially designed 
to accommodate isotope production processes, have 
been added to the British Radiochemical Centre 
at Amersham, near London. 

Until now, radioactive isotopes were almost en- 
tirely produced with simple laboratory apparatus 
that required some direct manipulation and which 
was housed in general-purpose buildings. Voday, 
the demand for the more important isotopes is so 
great that it has become necessary to construct in- 
dividual chemical plants, completely screened and 
remotely operated, and to install them in buildings 
designed for the purpose. Improved facilities for 
dispensing, packing, and dispatching the products 
are also included. 
the laboratories at 
Amersham, show some of the steps in the prepara- 


These pictures, taken in 


tion of radioactive materials. Waste solutions of 





A chemist, protected by a screen of transparent 
plastic | in. thick, handles radioactive phosphorus 
in one of the new production plants. 


ATOMS FOR EXPORT 
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ec 


fission products from which the plutonium 4 


ay 








uranium have been removed are received at Ama 
sham from the British atomic production factor 





in northern England. These are the raw materi 
from which several important isotopes are se 
arated. . 

The most versatile radioactive isotope, carbo 
14, made by irradiating nitrogen with neutron 
is used in medical and biological research. Th 
target material (aluminum nitride) is prepared ; 
sealed in aluminum containers, ar 
sent to the production piles at Windscale to } 


irradiated for about a year. The active materia 


Amersham, 


then returned to Amersham where the carbon-14 
extracted Another 
duced is strontium-90, now widely used industri 


from it. material being p: 
in such instruments as thickness gages: it is als 
used for the treatment of skin diseases. 

During the last 
have 


) years, 12,500 radium need! 


been manufactured at Amersham for 
treatment of cancer, and of these only one need 
has been reported faulty. [Photographs by courte: 


| 
L 
of the British Information Services] 








The new laboratories for processing radioactive 
isotopes at the Radiochemical Centre, Amersham, 
consist of four separate buildings, each accom- 
modating several processes. The wooden, glass- 
fronted structures above the entrances house the 
ventilating each of these 


equipment for new 


buildings 








The separation of individual amino acids from 





radioactive protein is done by column chroma 






tography. To separate the 17 amino acids con 






tained in the protein, about 2000 fractions have 






to be collected and measured. Here the chroma 





UM ay 
at Ame 
fac tor 





tographic columns and the automatic traction 







collectors are shown in use 
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Sp [he production of radiation sources for use in 

stra ndustrial instruments such as thickness gages is 

Is als important part ef the work. Here an operator, 
tected from the beta radiation by transparent 

eed] plastic screening, rolls a metal foil containing 

rr tl trontium-90. 








One of the new laboratories is used for the sepa 





ration of radioactive isotopes from fission prod 






ucts, and strontium-90 and cesium-13/ are pro 






duced. The two cells shown in the photograph 






at the left contain equipment that is screened 






by 2 ft of concrete and is operated entirely by 





remote contro! 








\n operatol measures the strength of a beta-ray 
ippliance containing strontium-90. It will be used 






n Australia for the treatment of skin diseases 





BOOK REVIEWS 


Ed. Aca- 
Illus. 


Advances in Genetics. vol. VI. M. Demerec, 
New York, 1954. ix +488 pp. 


demic Press, 


$9.80. 


OLUME six in this series comprises eight  re- 
views that are, on the whole, rather specialized. 


Contributions in the bacterial, viral, and biochem- 


ical fields are notably absent, and the one paper 
on Neurospora treats the relatively neglected area of 
map construction, This onerous task is undertaken by 
Barratt, Newmeyer, Perkins, and Garnjobst, who have 
with laudable altruism stayed off the bandwagon of 


biosynthesis. The book contains an excellent discussion 


of mapping functions, maps of the linkage groups, tabu- 


lar data from all available sources, and lists of mutants. 
For those in the Neurospora field this will be, for some 
time, the indispensable standard reference. 

The paper of most fundamental interest is undoubt- 
edly P. Michaelis’ 106-page summary of cytoplasmic 
inheritance in Epilobium, the first really extensive ac- 
count of this scholarly and persistent program to appeat 
in English translation. It is rather hard going, how- 
ever, and one is left with the feeling that conclusions 
at the level of theory are still premature after more 
than three decades of research. There is no questioning 
the genetic continuity of some cytoplasmic constituents, 
but despite the promising line of investigation offered 
by plasmon alterations in this plant the problems of 
analyzing the plasmon into specific components and de- 
termining its material bases have remained insoluble. 
Che broad generalizations that are proposed under the 
warning label of “the new hypothesis” seem, to me at 
least, to be without adequate foundation. 

Bentley Glass, in discussing genetic changes in human 
populations, skates the thin ice of speculation. skill- 
fully, despite great difficulties peculiar to this subject. 
One might expect gene frequencies in man to have been 
so erratically affected by historical accident as to be 
scarcely comprehensible in terms of underlying prin 
ciples, yet several existing situations have been reason- 
ably explained by simple models of gene flow in space or 
time, Assumptions often made in determining human 
mutation and allele frequencies are challenged, and the 
role of selection and genetic drift is discussed; these are 
matters on which our understanding has been consid 
erably augmented by Glass’ own demonstrations of the 
compensation phenomenon and of genetic drift as re 
vealed by age-group analysis. 

\ more specialized aspect of human genetics, that 
of the newer blood groups, is reviewed by Philip Le- 
vene, allowing the nonspecialist an opportunity to 
catch up momentarily with the rapid progress of dis- 
covery in this field. New described, both 
related and unrelated to previously known groups, 
incom- 


factors are 


and in many cases important in maternal-fetal 


patibility. Particularly interesting from the genetic 


viewpoint is the puzzling mode of inheritance of the 
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Lewis factors, their relationship to the secret 
acter and chemical similarity to the A and 
stances. The unsettled nomenclature of the RI 
emphasizes the need for criterions to distingu 
tween pseudo-alleles and multiple-alleles, and p 
the practicability of searching pedigrees for r: 
stances of original recombination. 

Probably the world record for the greatest 1 
of alleles at a locus is held among incompat 
genes in certain plants. The modes of inheritance, mu 
ability, and physiology of systems leading to ol 
outbreeding are discussed by D. Lewis in a rey 
comparative incompatibility in angiosperms and 
Phenogenetic studies in this area, such as Lewis 
logic analysis of pollen, provide a promising ap] 
to fundamental problems of gene action. Chat 
Remington's article on the genetics of Colias will 
special interest to the systematist, since it deals wit 
genetic bases of polymorphism in natural popul 
of Colias and other butterflies. Finally, two papx 
mainly concerned with practical applications. O 
by John Hancock, on monozygotic twins in cattl 
the useful comparison of within-set and betwe 
variance in judging the heritability of economi 
the other is by Alan Robertson, on artificial insen 
tion and livestock improvement, in which it. is 
cluded that the facilitation of progeny-testing progra: 
should become the most valuable application of 
powerful technique. 

en Oar. 

Biology Division, Oak Ridge National Laborator, 


Tomorrow Is Already Here. 
Schuster, New York, 1954. x 4 


Robert Jungk. Siny 
241 pp. $3.50. 


HE author is a Swiss journalist who has | 

varied life. As a Jewish student in Berlin, he w 
arrested the day after the Reichstag fire but was f1 
very soon. He left 
countries, studied at the Sorbonne, and completed 
formal education at Zurich. Between 1947 and 1953 
traveled throughout the U.S. as a correspondent 


Already H 


represents the results of these journalistic activities 


Germany and traveled in n 


some Swiss newspapers. Tomorrow 1s 
is being published simultaneously in 11 countries. ‘| 
picture of America and Americans which it p 
thus will be widely disseminated and wil add its 
to the present complex of notions about the U.S 
its inhabitants. 

The author makes no attempt to describe the nat 
as a whole. Instead he presents some 25 highly 


jective and impressionistic vignettes arranged \ 


loosely in six groups, each group being concern 
more or less—with some very modern aspect of An 
ican life. Scientific discoveries, gadgets, research 
bitions, and their impact on people and ideas are 
short which are written \ 


themes of the eSSays, 
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the first person. Jungk pictures the United 
Stat he saw them, and he seemed to have looked 
hrough science-fiction spectac les. He was fre- 
startled, generally a bit breathless, but always 
| fair. The book definitely gives the impression 

row is already here. 
iearest. approach to an_ over-all philosophic 
given in the first chapter. It is that Americans, 
knowing it, are being engulfed in a totalitarian 
n and their basic liberties are being threatened 
| eat comes, not from any paranoic dictator o1 
plotting of any subversive group but from the 
anges taking place in science and, consequently, 
ety. The new American frontier is now the uni- 
self, which must be conquered and reshaped if 
y to advance the American standards of living. 
| isk requires great organization, of course, and 
ration always decreases personal liberty. ‘The 
\mericans may even have gone so far as to be guilty 
s and hubris is always punished, Perhaps God 

ot want His universe improved! 

Conway ZIRKLI 


Botanical Laboratory, University of Pennsylvania 


\Vinerals for Atomic Energy. A guide to exploration for 
inium, thorium, and beryllium. Robert D. Nin- 
rer. Van Nostrand, New York—London, 1954. xii + 

\67 pp. Ilus. + plates. $7.50. 


HIS book fulfills admirably the purpose for which 
is written: namely, “an authoritative guide fo1 
an or expert to successful prospecting for atomic 
rals.’ The text is divided into three principal 
sections (I, what to look for; II, where to look; and 
Ill, how to look), together with a series of appen- 
lixes (pp. 223-347) packed with useful information in 
what smaller type. The only thing we are not told 
where to stake a claim in order to get rich 
y. This, however, would spoil the fun, All that 
essary to get started is to pack the car or truck 
165-168), not forgetting that second spare tire 
and the treatment for rattlesnake bite, purchase the 
Geiger counter or scintillation counter (pp. 176-180 
prices range from $30 to $1000 or more (pp. 188-189 
some areas they may be obtained in drugstores but 
ise the operator does not wish to rely wholly on 
source of supply, the addresses of some 40 manu 
rers and distributors are listed, pp. 268-269), and 
n good maps (p. 167 
) write a book for both the layman and the expert 
ially not easy to do satisfactorily. If we picture 
tyman as a husky individual with no more than a 
reneral scientific knowledge, he may well find the 
nt book a rather tough proposition, but by ju- 
us skipping of certain parts he will find clearly 
it the essential information on geologic formations, 
uranium, thorium, and beryllium are generally 
|, how to recognize them, and how to equip him 
x the job. The expert is not likely to be expert 


aspects of this new acitvity. He may be a good 
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gveologist and/or mineralogist but know little about 


counters and nothing at all about regulations governing 
prospecting. Or, he may have vears of experience as a 
prospector for other minerals and know nothing of the 
particular aspect of looking for uranium, All such ex 
perts will find a good deal of information that can 
scarcely fail to be of interest to them 

Perhaps more important than even the information 
itself is the clear guidance that the book provides t 


sources of additional information and to professional 


assistance. The author has exercised a wise restraint In 
the amount of detailed information given on the ura- 
nium and thorium minerals. This knowledge is still in 
the process of elucidation and is often very complex 
The tables of radioactive minerals (pp. 239-259) ar 
grouped according to the colors of minerals, and, when 
the color is variable, a mineral is listed more than 
once, The information provided is the kind likely to be 
useful in field identification, and more detailed items, 
such as optical properties, x-ray data, and chemical 
compositions, are largely (and quite properly) omitted 

The book is well printed and illustrated and is em 
bellished with several colored plates. The style in 
which it is written makes it pleasant to read. The sep- 
aration of the general text from the factual material 
given in the appendixes has enabled the author to catet 
usefully to both classes of readers, and, at the price it 
is offered to the public, it is an excellent “buy.” 

G. W. Brindley 

Mineral Sciences Building, 
Pennsylvania State University 


America’s Resources of Specialized Talent. A current 
appraisal and a look ahead. Report of the Commis 
sion on Human Resources and Advanced Training; 
Dael Wolfle, director. Harper, New York, 1954 


xvill + 332 pp. Illus. $4. 


HIS commission was appointed by the Conference 
Board of Associated Research Councils in 1949 
to make a comprehensive survey of the specialized 
manpower resources and requirements of the United 
States. We are now and in the future greatly dependent 
upon those citizens “who are educated, intelligent, able 
to work with ideas, and qualified to plan and under- 
stand and direct the nation’s complex web of industrial, 
technological, social, scientific, and governmental in- 
stitutions and problems.” 
The commission's report unquestionably is the most 


comprehensive treatment of the problems of the de 





velopment and use of human talents ever published; it 
provides the most complete data thus far assembled 
in a field where much necessary information is. stil! 
lacking. Furthermore, its interpretations are broadly 
conceived and recognize the variety of conflicting forces 
and interests involved 
The demand for specialists has grown much more 
rapidly than our population. [he report estimates a 
growth from 13,000 specialists per million population 
1900 to 23,000 per million in 1950. The social and 
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economic trends responsible for this growth in past 
decades are expected to continue, thus creating an even 
greater demand for specialists. 

How can this need be met? The commission finds 
possible solutions in two directions, through encourage- 
ment of a larger portion of able youth to enter and to 
graduate from college and through better utilization 
of many of those who are trained. Of the top 16 per- 
cent of high-school graduates only about one-half enter 
college. Better educational guidance in schools, more 
adequate scholarship support, and parental and com- 
munity encouragement would probably double the pro- 
portion of competent high-school graduates who enter 
college. 

Women, men over 65, Negroes and other minority 
group members who have received specialized training 
are frequently unemployed or engaged in work that 
does not fully utilize their trained talents. Policies are 
suggested to improve their utilization and thus help to 
relieve the shortage of trained manpower. Furthermore, 
a larger number of assistants and technicians would 
increase the 
and free many of them from positions that do not call 


effectiveness of engineers and _ scientists 
fully upon their training. 

Replete with relevant data, carefully reasoned and 
well written, this report should be very influential in 
needed manpower policies. 


RaLtpH W. TyLer 
Advanced Study in the Behavioral Sciences 


developing 
Center for 


The Causes and Treatment of Backwardness. Cyril 
surt. Philosophical Library, New York, 1953. 128 pp. 
$3.75. 


HIS is an excellent little book, truly a measure 

of the excellence of the author whose professional 
life has contributed so much to the welfare and treat- 
ment of backward and retarded children. To a great 
extent the book is a summary of the knowledge in this 
field and it seems entirely fitting that it is addressed 
primarily to school teachers and educationists who are 
concerned with mentally handicapped children. It is, 
also, a measure of the true scientist in that it discusses 
many complex problems in the language of the intel- 
ligent layman. Often, one page of this book reduces a 
problem, formerly confusing and vague, to understand- 
able terms. 

There are eight chapters arranged methodically to 
give the problem for discussion, its historical and cur- 
rent setting, the methods of investigation, the role and 
importance of environmental factors, and the physical, 
intellectual, and emotional characteristics of retarded 
children. 

While medical specialists might think that Burt is 
biased toward psychology in respect to the contributions 
of that science and profession, as compared with medi- 
cine, I detect no polemics and believe the treatment of 
problems that concern more than one profession to be 
entirely objective, disinterested, and well documented. 
In fact, in the discussion of emotional problems and 


psychotherapy there is merely the statement that treat- 


ment following psychological principles of learni 
training has been more successful than that wh 
been modeled after psychiatric practices. 

It is good that Burt sets the record straight ¢ 
matters as the above, and that he reminds us that 
ligence tests began with Galton rather than wit! 
and that the first child guidance clinic in | 
considerably antedated Witmer’s Clinic at the | 
sity of Pennsylvania. 

While no destructive criticism seems possibl 
lieve that the reader will get the impression of 
what more constancy of the I.Q. than may be tl 
case and it might have been possible and more h 
to have given more attention to etiology and thi 
in which knowledge of etiology may guide trainin 
treatment. The book is interesting reading as wi 
efficiently informative. 

Karu F, Hi 
The Training School, Vineland, New Jersey 


The First Australians. Ronald M. Berndt and Catheri) 
H. Berndt. Philosophical Library, New York, 
144 pp Illus. + plates. $4.75. 


HE husband-and-wife team Ronald and Catherins 

3erndt are Australian social anthropologists wh« 
have contributed much to our understanding of 
cultures of the Australian aborigines. They have 
gaged in extensive fieldwork in those regions of 
tralia, Northeast Arnhem Land, 
native ways of life still survive in approximately the 


such as where 


pristine form and they have several substantial mono 
graphs to their credit. The present book is offered 
their attempt at a generalized popularization of 
knowledge about Australian native culture and is n 
too successful. Like many specialists in many fields of 
human knowledge these authors are complet 
familiar with the detail of their material, but ar 
able to paint the over-all general picture in_ strok 
sufficiently strong and decisive to convey to the cas 
reader what they want to convey. This book giv: 
picture—although somewhat confused—of what 
natives around Oenpelli do as contrasted with what 
done further east in Arnhem Land or on the Daly, | 
there is little firm generalization about what Austr: 
aborigines do, still less about why they do it. 
Depicting non-Western cultures and their “ethos 
the general reader requires an artistic, rather thar 
scientific, set of techniques, as the popular writings 


Ruth Benedict and Margaret Mead 


Berndts are unable to produce those broad, slashi 


have shown. ‘| 


vivid approximations to the facts that make the w 
of Mead illuminating to the 


audience. 


Jenedict SO 
the 
Berndts know where the emphases in describing 


and 
This is more noticeable because 
aboriginal Australian way of life should be. The c 
plete integration of every aspect of the culture; 
complete fusion of past, present, and future; of nat 
and supernatural; of animals, men, and nature; | 
continuous cultural feedbacks whereby every action a 


every value reinforce and give more meaning to ev 
MONTHI 


rHE SCIENTIFIC 





on and every other value—these are the fea- 
t make Australian cultures, before their de- 
by white contact, the classic examples of 
functional unity between the various phases 
n living. 
\n \ustralian culture is almost algebraic in its sym- 
integration, with no loose ends and no disconti- 
The authors are well aware that it is this sym- 
nd completeness that constitute the crux of the 
Australian way of life but they fail to solve the de- 
problem of how it can be communicated to 
. Western reader, even by writers who understand it 
uughly as they unquestionably do. Social anthro- 
has reached the point of understanding its ma- 
teri remarkably well, even of knowing what it wants 
to say about it, but still desperately lacks tools that will 
ommunicate its understanding of other cultures to the 
nthropological audience. The First Australians is 
cellent example of the understanding, of the wish 
ro communicate, and of the lack of communication be- 
ween anthropologist and reader. The ordinary Amer- 
even if literate, will respond to this book by hav- 
his prejudice about naked primitive savages rein- 
forced and will thank God that he is 100 percent 
‘merican. It is not the fault of the Berndts; the task 
they impose on themselves is analagous to asking a tone 
leaf audience to understand and appreciate Beethoven. 
There are numerous line drawings of aboriginal art 
ind a number of good photographs, many of the latter 
her spoiled by an apparent prohibition on any male 
akedness. The calico loin cloth is not part of native 


C. W. M. Hari 
Jepartment of Anthropology, University of Wisconsin 


vraphical Essays. William Morris Davis. Douglas 
Wilson Johnson, Ed. Dover, New York, 1954. vi 
pp. Illus. $5.50. 


N unabridged republication of a group (26) of 
William Morris Davis’ essays that were selected 

nd edited by Douglas W. Johnson in 1909, Geographi- 
Essays includes many that are classic in geographic 
(erature. Some of the papers date from 1889, yet they 


j 


read with delightful freshness. 


\pproximately one-half of the essays and two-thirds 
1 the book are concerned with problems of landform 


genesis, including Davis’ theories of peneplanation, of 


ley development, and of the geographic cycle. Al- 
zh some of the ideas he propounded have been 

dified and some refuted, these essays contain much 
is of continuing interest. They reveal a keen imagi- 
on and skill in exposition, 

One-third of the book contains essays on teaching 
hods and on the importance of geographic instruc- 
in schools and colleges. Geographers are indebted 
Davis for his notable contributions in the field. 
iy of his admonitions still apply: avoid the omnium- 
erum, “mere facts of occurrence and location have 
it the same rank in geography that words have in 
iture,” cultivate the habit of looking for the mean 
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ing of things, “grasp and teach the spirit, not the letter,” 
stress those things that a cultivated intelligence would 


value. 
One prediction made by Davis has happily proved 
inaccurate: “It is not to be expected that advanced 


geographical courses should be largely attended. ‘They 
will never pay for the cost of their establishment.” More 
than a little credit is due Davis for the fact that there 
are now dozens of geography departments not only 
paying their way but, more important, making sub- 
stantial scholarly contributions in the academic world. 
WituiAM A. HANCE 
Department of Economic Geography, 
Columbia University 


The Giant Cactus Forest and Its World. A brief biology 
of the giant cactus forest of our American Southwest. 
Paul Griswold Howes. Duell, Sloan, and Pearce, New 
York; Little, Brown, Boston, 1954. xxv +258 pp. 
Illus. + plates. $7.50. 


CCORDING to the author 


The present book is especially for those thousands 
of annual visitors and residents whe tour and play 
and hunt and camp on the mountains, in the valleys, 
and on the ranches, within the range of the giant 


saguaros 


Ihe land area described is approximately south-cen- 
tral Arizona. Howes addresses himself to that vaguely 
defined person known as the layman. As a layman who 
has visited the saguaro desert once and several other 
of the American deserts occasionally, I recommend 
this book to the traveler who feels that the desert is 
a harsh and barren place, to be crossed as fast as his 
car will take him 

The author 


would tell us what to expect and what the pos- 


sibilities of study in this realm were; help us 


identify and learn; illustrate most of the large 
and obvious things, as well as much of the minu- 


tiae. 


The book fulfills these purposes well. The plant and 
animal life of the area, from the largest to the smallest 
forms, is considered as a whole, and the interrelation- 
ships and interdependencies, where known, are care- 
fully described. 

[ was surprised and shocked to read that the giant 
saguaro cactus is threatened by a deadly disease. It 
would be indeed a shame if it were to go the way of 
the magnificent chestnut of our eastern woodlands 
In the chapter on cacti, a small table listing the differ- 
ences between species would have been useful. Che 
distinction between yuccas and agaves is well given 
Although the impression is given that desert plants 
flower only in the spring, the summer visitor will find 
some plants (for example, prickly poppy, barrel cactus) 
in flower. Howes is to be commended for his reasonable 
and nonanthropocentric attitude toward the “blood 


thirstv” eating habits of carnivorous animals. Among 








the other interesting features are the emphasis on desert 
food cycles and the chapter on desert arthropods. 
However, the philosophical remarks on pages 186 and 
si 


might well have been omitted. 
here are an excellent index and a list of references 


for more detailed information on all aspects of desert 


life. To the latter might be added the inexpensive U.S. 
Department of Agriculture publication, Southwestern 
Trees, Agriculture Handbook No. 9. 

Mortimer L. Broom 
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General College Chemistry. Andrew J. Scarlett and 
José Gomez-Ibanez. Holt, New York, 1954. x + 645 
pp. Illus. $6. 


HIS textbook follows the four editions of General 
College Chemistry by the late Leon B. Richardson 
and Andrew Scarlett. It represents, however, a very 
thorough departure both in content and in the order 
of presentation from its predecessors. The first halt 
is devoted almost exclusively to the development of 
fundamental theory, followed in the latter half by the 
descriptive chemistry of the elements and their com 
pounds. As the authors point out, “the arrangement of 
chapters in this text gives a systematic presentation, and 
at the same time permits great latitude in selection.” 
Such topics selected at random as the van der Waals 
equation, the distillation of liquid mixtures, s, p, d, | 
orbitals, ionization potentials, atom radii, and ionization 
of hydroxides in terms of ion radii will give some idea 
of the scope and thoroughness of this modern textbook 
Yet it should be possible to omit many of these more 
dificult topics without breaking the continuity of the 
treatment. The subdivision of the descriptive chemistry 
into that of the elements and that of typical classes of 
compounds is another highly commendable innovation. 
In short this is a flexible, teachable, and thoroughly 


modern general chemistry textbook. 


Joun A. Tina 
Department of Chemistry, Simmons Colle ge 


The Anatomy of the Migratory Locust. F. O. Albrecht 
Athlone, London; de Graff, New York, 1953. xvi 
118 pp. Illus. $6. 


HE Anatomy of the Migratory Locust is well de 

signed as a laboratory textbook in entomology. It 
also serves as a valuable source for original anatomi 
cal information. 

From the world-wide point of view, the migratory 
locust is a happy choice for courses in entomology. It 
is available to more people than any other locust. Ox 
curring regularly throughout much of Africa and West 
ern Asia, it periodically forms enormous migratory 
swarms that may reach as far as Western Europe. 
These sometimes cause famine in their wake. It is 
larger than most American locusts and could be pre- 
served easily in quantity for laboratory studies any- 
where. I once purchased a large burlap bag of these 
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locusts, alive, for one dinar ($2.80) in the b; 
a Middle-Eastern desert village where they w: 
for food. The British have been successfully 
them for physiological and other studies. 

The textbook is clearly illustrated with « 
black and white drawings and is well supplic 
center headings on all topics. This may be so: 
extravagant in the use of paper but it makes fi 
and easy reference. The drawings generally carr 
which suggest the word, a minor point but it 
for ease in use. 

One might lift his eyebrows at the statement 
foreword, that “improved sanitation appears to h 
duced the cockroach population” and that the co 
therefore has become “difficult to obtain,” as an ex 
for using the locust over the roach, but either 
ciently generalized in form to be of primary ut 
useful reference list of 34 titles and a_ practic 
pendix with concise laboratory directions co! 
the work. 

NEAL A. \W 


Department of Biology, Swarthmore Colles 


Ancient History of Western Asia, India and 
Bedrich Hrozny. ‘Trans. by Jindrich Prochazka. Phi 
sophical Library, New York, 1953. xiv + 260 pp 


plates + maps. $12. 


HIS is the result of many vears of research ¢ 

part of Bedrich Hrozny, of Charles Univer 
Prague. His purpose, indicated in the preface (p 
is to tell the story of ancient Western Asia from t 


origins of the oldest known human culture | 
ing on to the subsequent development of civil 
life in Europe as well as other parts of the wo 

We can hardly imagine modern mankind w 
out a knowledge of writing and Christianity, b 
of which originated in the Orient, that is, in Weste? 
Asia. But many other links connect our mod 
civilization with the ancient Oriental cultures, \ 
the European arts, science (astronomy), and | 
which developed from the Roman Law; and even 


technical and practical life we meet many elements 


which are of Oriental origin. The study of anci 
Western Asia takes us to the very roots of our mode 
civilization; it investigates the origin of its individ 
components and traces their gradual developme: 
To carry out this task, Hrozny scrutinized the ar 
ological remains and other pertinent materials 
wide area. He begins by describing the Ife of 
Near East, then the prehistoric periods in Pales 
Mesopotamia, Babylonia, and Egypt. The next se) 
chapters deal with the Hamite-Semites and the Cas 
peoples, the origin and the original home of th 
marians and the earliest migration, as well as 
earliest Sumero-Akkadian dynasties up to about 
B.c. In the next chapters, the heart of the book, 
author attempts two things. On the one hand, h« 
scribes in greater detail and with a good deal of « 
nality the contributions of the Sumero-Akkadian 
ture to the whole of the ancient cultural world, | 
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through India to China. On the other hand, 
ts to show that from the middle of the 3rd 
the first group of Indo-Europeans, among 






re the Hittites, originating from the Caspian 





so helped greatly in building the ancient old- 





vilization. Outstanding characteristics of the 





C \kkadians were their city-culture based on a 





loped plow agriculture, metallurgy, the pic- 
d later the cuneiform) writing, and thei 





y and astrology. The outstanding character- 
iral development of the early Indo-Europeans 






em to be in some way their acquaintance with 





nd some manner of working them. 
s a very scholarly work in the tradition of the 
Or sts. Its weakness lies in the author's inability 


f interest in the functional relationship between 






is of culture and in the psychological character- 





f peoples underlving their movements and con- 





For example, one branch of the Hamites was 
1 to have become the ancient Iberians in the 





‘ { 
Spanish Peninsula because the language of the latter 
ntains some “striking Hamitic elements,’ also be- 
the Spanish bullfights “seem to be but the last 








of the fight of the Sumerian heroes Gilgames 
Enkidu with a bull,” a fight that is “engraved in 
different forms on Sumero-Babylonian seals,” 







are said to be “artistic representation of the 









rocess of domestication of the bull by man” (p. +9 

[he first portion of this observation is no sounder than 
the now thoroughly discredited logic of the diffusionist 
inthropologist W. J. Perry—that any similarity in form 
etween two cultural elements found separately in 





places is “proof” of their identity in origin and 





onsequently one of the possessors of this trait 





have borrowed or come from the other. The sec 
| portion of Hrozny’s observation, that the artistic 






presentation of the fight between Gilgames and 





inkidu with a bull represents the process of domestica- 
m of the bull by man, is equally open to objection 






If this fight is a game and this game is considered a 





sentation of man’s mastery over the bull, then 
would the Chinese cocktight and American foot 
represent? The question is not fantastic or even 









ilous for, if we allow Hrozny to argue thusly about 





iltural history in the ancient world, we must also 





some future student to use the same principles to 





tand the modern world. 






his same lack of concern for rules of evidence 


s thi 






causes the author to make facile generalizations 





migration from the region of Central Asia border 
pon the Caspian Sea, Altai, and Pamir. He de 






p. 236) that 





semi-nomads 


region was settled by nomads o 





) gradually succeeded in taming some animals and 
the border of the steppe started the primitiy 





f time, developed 


culture which, in the course « 





hoe-agriculture. ‘The continuous drying up o 





se regions in the Post-glacial Age made the peopl 





rate in different directions. 








Ss interesting to note that among the modern so 





lentists geographic determinism has long gon 
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out of fashion, for peoples do not move out of a given 
habitat simply because of a change of the physical en- 
vironment even though the change may be for the 
worse. The fact is, some peoples moved out of ¢ entral 
\sia while others obviously remained to this day. The 
ones who moved out might even have done so when 
the place was drying up, and they might even have been 
somewhat conscious of it but judging by the fact that 
many others remained in spite of the geographic 
change, the theory of geographic determinism obviously 
needs serious modification or elimination. 

Throughout, there is reference to various strains of 
the ancient civilization in the Near East as being of 
Oriental origin because they occurred in geographic 
Western Asia. One can almost detect a trace of an 
anxiety to demonstrate that the ancestral civilizations 
of the West were not wholly “Oriental,” but that “the 
Indo-Europeans mightedly interfered with happenings 
in the Orient and to a great extent took part in build- 
ing up its civilization” (p. viii). Had Hrozny looked 
into the funcuonal and the psychological characteristics 
of the early civilizations (he and a majority of othe 
scholars have described it as Oriental), he might have 
found that they are not Oriental at all but distinctly 
Occidental and unmistakably represent an ancestral 
variety of civilization more akin to the modern West 
than to the traditional East. Therefore, even without 
the “discovery” that a distinctly Indo-European people 
had interfered “mightedly” with the shaping of ancient 
civilization in the Near East, one could have pushed the 
prehistoric history of a distinctly Western civilization to 
a much earlier age. 

The book is well printed and beautifully illustrated, 
but the binding is horrible. Even with very gentle 
handling while reading, the hard cover became sepa- 
rated from the pages. 

Francis L. K. Hst 
Department of Anthropology, Northwestern Universit) 


Irrigated Soils. Vheir fertility and management. D. W 


Thorne and H. B. Peterson. Blakiston, New York. 


ed. rsh L954 X11 399 pp Illus $6.50 


Hk authors are members of the staff of the Utah 
\coricultural College at Logan. Their training and 


experience make them familiar with alkaline and salin 


soils on which irrigation is largely practiced lhe, 
point out that 55 percent ol the land area of the U.S 
receives less than n. of rainfall and that irrigati« 

s a necessity if sucl nd is to be cropped 

Ct t hapters in this editor three ire new 

SOolL and plant retations yal I 1 far r! i S\ 

tem, and planning the irrigated farm Che remaining 
hapters have been redeveloped by combining, deleting 
ind rewritil \s a result, the book has been markedly 
nproved lt ves a very od idea of the nat ‘ 
soil, water relationships, salt problen and { 


t ITT 










grain, forage crops, fruits, vegetables, and specialty other form of destructive social behavior, | 
crops. The last chapter includes the making of a farm would not have become narcotic addicts. We 
map, a soil map. a farm layout, an inventory, and a of the opinion that the treatment of addictic 
written report. The excellent illustrations, including was not too difficult in a controlled hospital s 
diagrams and graphs, constitute a very important part good medical disciplines were used. Howey 
of the book, as do the lists of references at the ends of | diagnosis and treatment of the underlying per 
the chapters. A glossary and some useful values for disorder is extremely difficult and requires lor 
calculating purposes are appended. Although intended hospital care, mandatory follow-up and investig; 
for use as a textbook in agricultural colleges in the domestic situations on a_ psychiatric case work 
semiarid and arid regions of the West, Irrigated Soils Even if all these factors are thoroughly studi 
will also be highly useful to technicians and to intel- even though treatment is extensive and prolon: 
ligent farmers in such regions. It will also be of great prognosis in many cases is still guarded. 
interest and value to soil scientists the world over. This is an excellent book and it should be 
Firman E. Bear — possession of everyone who is interested in this 
Editor-in-chief, Soil Science, Rutgers. University lem and who works with narcotics and narcotic 
tion. If the facts contained in this book were thor: 
se assimilated, the problem of narcotic addiction 
Narcotics and Narcotic Addiction. David W. Maurer  }. approached with objective intelligence and 
and Victor H. Vogel. Thomas, Springfield, Ill., 1954. gilts would perhaps be more gratifying. 
303 pp. Illus. $7.50. Jerome L 
ICRS Hospital, Spivak, Colorado; 
Riverside Hospital for Adolescent Narcotic Add 
Bronx, New York 


OR many years the lay public and many profes- 
sional workers in the medical, social, and law en- 
forcement fields have been exposed to considerable 
quantities of nebulous nonsense concerning narcotic ad- 


diction. know of no wes in “eee sO a eee Fluoridation as a Public Health Measure. Jam 
information has been accepted as gospel by the unin- Shaw, Ed. AAAS, Washington 5, 1954. v+ 23 
formed as well as by those who should know better. agg ' Cae 
; 3 ; on Illus. $4.50 (AAAS members, $4). 
Narcotics and Narcotic Addiction, by Maurer and 
Vogel, gives a direct, accurate, and complete account INCE 1941. the American Association for thi 
of the problem and goes a long way in de-bunking the vancement of Science has published three 1 
misinformation that has been disseminated. The ap- graphs on the relationship of fluoride and dental « 
proach to the diagnosis and treatment of narcotic ad- Ihe most recent one, Fluoridation as a Public H 
diction has often been made in either a temerous or  Afeasure, maintains the high standards set by its pred 
hostile manner, but seldom with scientific objectivity. cessors, Fluorine and Dental Health, appearing in 194 
[his book performs a great service in establishing the and Dental Caries and Fluorine, published in 
study of narcotic addiction on a scientific basis. The appearance of the monograph is especially ti 

[ wish to take exception with some of the statements — because many American communities are presently 
made concerning etiological factors. In our experience — sidering the addition cf fluorides to the water su 
with a large group of addicts under 21 years of age, we — as a dental caries prevention measure. A well-orgai 
did not see any normal individuals who were inad- opposition has questioned the effectiveness of the 
vertently addicted because of group or community as- cedure, has claimed that such an undertaking is 
sociations. It is true that many young boys and girls — traindicated because of the toxicity of fluorides, and } 
yielded to group pressure and experimented with nar- advocated the substitution of fluoride vehicles 
cotic drugs. However, if these adolescents were “nor- — than water. 
mal’ they abandoned the use of narcotic drugs after The monograph refutes each of these supposit 
one or two trials because the drug had no meaning to — Stadt in the chapter on “Dental benefits of fluorid 
them. Those who went on to addiction were addict- — gestion” concludes that 
prone individuals who were unable to solve emotional, jie waitial prevention of dental caries by mes 
environmental, or cultural problems in any other way. ied scaicibcadiisn: WhaiiiliRetn’ ta thins a alee leaded We 


They were aberrated individuals with destructive do- 
mestic, social, and community backgrounds. Many of | Leone and his collaborators report a 10-year study ot 


r 
) 
> 


116 people who drank water containing 8 ppn 


the addicts were either schizophrenic or psychopathic, 
but none were normal. Their aberrated status was not fluoride. They were unable to show that such a r¢ 
secondary to the use of narcotic drugs, but their emo- “had produced detectable physiological effects.” S 
tional abnormality made it possible for them to become larly, Schlesinger and his collaborators summariz¢ 
addicted if exposed to drugs. We felt that in many in- N 


stances the addiction was accidental because the in- 


1942-52 findings for a group of more than 500 
burgh, N. Y., children who ingested fluoride-suy 


dividual happened to reside in a community where mented water. They conclude that 


contraband narcotics were readily available. If these a a a ee 
unfortunates had lived in a_narcotic-free area, the effects, adverse or otherwise, from the use of fluo: 
symptomatology would have been alcoholism or some dated water on the basis of these findings. 
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ognnaes, after giving careful consideration to 
e merits of various fluoridation vehicles, states 


as yet have little evidence except for water 
tion with the effect of fluoride 
nent on caries in man. In view of this lack 
fic knowledge, the use of any one fluoridated 
m, other than water, whether liquid or solid, 
subjected to lengthy experimentation before 


regard to 


be put to general use. 


ose who are interested in the present status of 
pplications of fluoride to the teeth as a dental 
reventive measure, the Bibby and 
ld is highly recommended. The editor is to be 
ided for the over-all excellence of the publi- 


review by 


VOLKER 


J. F. 


ty of Alabama School of Dentistry 


nt Personnel Work as Deeper Teaching. Esther 
d-Jones and Margaret Ruth Smith, Eds. Harper, 
York, 1954. xii+ 361 pp. $5. 


[If student personnel program on our college 
ampuses has taken shape and found many loyal 
rents within the past 50 years. As such, it is pe- 
to the individualization of mass education in the 
entury and has had to grow and expand through 
The field has been fortunate, however, 
continuously 


nd error. 
ing competent scholars who have 
ated the growing process, criticizing some trends, 
ling others. Two such educators and leaders are the 
wlitors of this book. 
his is not, perhaps, a “first book” for a reader new 
field. It does, however, suggest a new approach 
general phase of organization and to a number 
portant facets found in programs of student per- 
mel work. Herein is illustrated the means by which 
rsonnel service is endeavoring to integrate itself into 
regular academic program. 
[his work has the weaknesses of most compilations 
hich authors involved (in this 
6). The chapters vary in importance and worth. 
so, it the general 


ttern of a decentralized program of personnel activ- 


a number of are 


deals somewhat vaguely with 
ippropriate for greater faculty participation, 01 

ssibly in small colleges for faculty operation. 

Such important specialties as the freshman program, 
tional guidance, testing, personal and therapeutic 
ological counseling, remedial and developmental 

ling programs, study programs, and English clinics 

not included. In fact, the editors rather casually 
ite most of these familiar services to specialists, 
impus or off campus, to whom referral is suggested 
he means of access. Well-qualified off-campus spe- 
of these areas are scarce and usually 


sts in most 


‘ expensive. Esther Lloyd-Jones says: 


(he central Bureau and the central Department 
Personnel Work must be seen in a different role. 


iary 1955 


... Its referral system needs expansion it should 
be facilitating communications among its Ccommuni- 


ties and subgroups. 


he editors do not make clear that in some situations 
this transformation is already in process 


A number of chapters are outstanding. 


Mary Omer and Eugene Shepard of Stephens College 
have prepared the best chapter on personnel records and 
their functional use that I have seen 

Norman Kiell of Brooklyn College 
to American 
history of 


writes of the foreign 
life 


foreign 


¢ ollege 
the 
regarding ways 


adjustment 
its brief 


its suggestions 


student and_ his 
This short essay, with 
student in the U.S. and 
for meeting his needs, is both helpful and well written. 
Anna Rose Hawkes, dean of Mills College, contributes 
a philosophic chapter on student discipline and suggests 
methods by which self-discipline can be instilled. She is 
the widow of the Dean Hawkes of Columbia 
College who was among the first to realize that when a 
student enters the classroom, he brings with him not only 
his mind but physical aches and mental disturbances. He 
as this volume so often re- 


famous 


comes as a “whole” student, 


minds us 

William Hughes of Temple University stresses the 1m- 
portance of the physical education program. He points 
out that science has rejected the dichotomy of mind and 
body and that the ideal educational situation trains both 
mind and body. 

Thomas Shrewsbury of City College, New York, pro- 
vides a penetrating analysis of certain legal implications, 
important to student personnel workers. 
lead, professor of industrial personnel work 
at Columbia and editor at Harper Brothers, has 
tributed “Developing spiritual insights” 
among students, an he writes with more 


Ordway 
con- 


a chapter on 
which 


on religion or values. 


area on 


acumen than the usual autho1 


1 
teacners, 


( ollege 
workers, will find this book a stimulating aid in under- 


! 
as well as professional personne 


standing some more recent developments in the field of 
general personnel work. Despite its repetitious phrases 
look’ 


much of student personnel work throughout the 


and idealistic vocabulary, it provides a “new for 


coun- 


try. It indicates “a change of mind” on the part of the 


editors, which to me appears more as a developmental 
mind. It is mus 


shift in emphasis than a change of t 


reading for faculty teachers, for college administrators, 


and for professionals in personnel work 


LOouIs! 


Philosophic 1] 
Illus 


Living Crafts. G. Bernard tlughes 
New York, 1954 192 pp 


Library, plates 


$4.75. 


AR historical account of “ancient and 


POPUI 


honourable crafts that are prac tice d today solely 


because, for achieving certain results, no better methods 


found’ — gold-beater, silversmith, textile 


maker, cooper, fireworks-maker, charcoal 


have been 


printer, rope 
and so on. British methods are 


is lacking —D. R 


burner, glass-blower, 


emphasized. An index 
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vard Mem. No. 3, Frank R. N. Gurd, Ed. Academi 
Press, New York, 1954. 234 pp. $6. 

Life on Other Worlds. Harold Spencer Jones. English 
Universities Press, London, rev. ed. 2, 1954 (Distrib 
by Macmillan, New York 11) 259 pp. $3. 

The Language of Taxonemy. An application of symbol 

to the study of classificatory systems. John R 

New York 27, 1954 


Leeden, and 


logic 

Columbia Univ. Press, 
70 pp. $2.50. 

Elements of Ecology. George L. Clarke. Wiley, New 
York; Chapman & Hall, London, 1954. 534 pp. $7.50 

Pharmacology in Medicine. A collaborative textbook 
Victor A. Drill, Ed. McGraw-Hill, New York—London 
1954. 87 chapters $19.50. 

Hugh Roy Cullen: A Story of American Opportunity. 
Ed Kilman and Theon Wright. Prentice-Hall, New 
York, 1954. 376 pp. $4 

Science Funbook. Gerald M. Straight. Hart, New Yor! 
1954 (For ages 10-15). 159 pp. Paper, $1.25. 

The Genetics of Paramecium aurelia. Monographs in 
Experimental Biology, 2. G. H. Beale. Cambridge 
Univ. Press, New York 22, 1954. 179 pp. $2.50 

The Physiology of Insect Metamorphosis. Monograph: 
in Experimental Biology, 1. V. B. Wigglesworth. Can 
bridge Univ. Press, New York 22, 1954. 152 pp. $2.50 

Proceedings of the Thirty-third Annual Meeting, High- 
way Research Board. Publ. 324. Fred Burggraf and 
Walter iF Miller, Eds. Natl. Acad. of Sciences Natl 
Research Council, Washington 25, 1954. 563 pp. $8 

Cancer: New Approaches, New Hope. Boris Sokoloft 
Devin-Adair, New York, 1952. 243 pp. $3.75 

Fruits. Vegetables, and Flowers. Physiology and stru 


Gregg. 


ture in relation to economic use and market quality 
George M. Kessler. Burgess, Minneapolis, 1954. 67 pp 
Paper, $2. 

Vanufacture and Application of Lubricating Greases. 
C. J. Boner. Reinhold, New York 22, 
$18.50. 

The North American Prairie. John E. Weave 
Lincoln, Neb., 1954. 348 pp. $5. 

Progress in the Chemistry of Organic Natural Prod- 


Zechmeis 


1954. 977 py 


Johnsen, 


in English and German). L 

Albert, K. Bruckner, R. B. Corey, K 
Freudenberg, H. H. Inhoffen, R. Lemberg, L. Pauling 
S. Peat, H. Schmid, W. A. Schroeder. Spinger, Vienna, 
1954. 457 pp. Paper, $17.20; cloth, $18. 

Deterioration of Materials. Causes and preventive tech- 
niques. Glenn A. Greathouse and Carl J. Wessel, Eds 
Reinhold, New York, 1954. 835 pp. $12. 

History of the Primates. An introduction to the study of 
fossil man. W. E. I Clark. British Museun 
Natural History London, ed. 4, 1954. 119 pp 


Paper, 4s 


ucts. vol. 11 
ter, Ed.: A. 


(Gros 











fsia, East by South. A cultural geography. Joseph E. 
Spencer. Wiley, New York; Chapman & Hall, London. 
1954. 453 pp. $8.50. 

Der Scharlach und Seine Behandlung. W. Pulver. 
Huber, Bern-Stuttgart, 1954. 209 pp. Paper, DM. 19.80. 

The Scourge of the Swastika. A short history of Nazi 


war crimes. Lord Russell. Philosophical Library, New 


York, 1954. 259 pp. $4.50. 

Isotopic Gas Analysis for Biochemists. R. F. Glascock. 
Academic Press, New York 10, 1954. 247 pp. $5.80. 

{ Field Guide to Animal Tracks. Olaus J. Muriec. Peter- 
son Field Guide Series, No. 9. Roger Tory Peterson, Ed. 
Houghton Mifflin, Boston, 1954. 374 pp. $3.75. 

Renal Function, Trans. of the Fifth Conference 14—16 
Oct. 1953, Princeton, N.J. Stanley E. Bradley, Ed. 
Josiah Macy, Jr., Fdn., New York, 1954. 218 pp. $3.75. 

Grignard Reactions of Nonmetallic Substances. M. S. 
Kharasch and Otto Reinmuth. Prentice-Hall, New 
York, 1954. 1384 pp. $15. 

The Nation Looks at Its Resources. Report of the Mid- 
Century Conference on Resources for the Future. 2-4 
Dec., 1953, Washington. Resources for the Future, Inc., 
Washington, 1954. 418 pp. Paper, $5. 

Ordovician Cephalopod Fauna of Baffin Island. Mem. 
62. A. K. Miller, Walter Youngquist, and Charles Col 
linson. Geological Society of America, New York 27, 
1954. 234 pp. 

Climatic Atlas of the United States. Stephen Sargent 
Visher. Harvard Univ. Press, Cambridge, 1954. 403 pp 
$9. 

Public Education under Criticism. C. 
and Clyde M. Hill, Eds. Prentice-Hall, 
1954. 414 pp. $6.35. 

Electrometric pH Determinations. Theory prac- 
tice. Roger G. Bates. Wiley, New York; Chapman & 
Hall, London, 1954. 331 pp. $7.50. 

Prehistoric Stone Implements of Northeastern Ari- 
zona. Richard B. Woodbury. vol. XXXIV, Rpt. No. 6 
Peabody Museum of American Archaeology and Eth- 
nology, Cambridge, Mass., 1954. 240 pp. Paper, $7.50. 

Transactions of the International Astronomical Union. 
vol. VIII. Eight General Assembly, 4—13 Sept. 1952, 
Rome. P. Th. Oosterhoff, Ed. Cambridge Univ. Press, 
New York 22, 1954. 887 pp. $10.50. 

The Art of Primitive Peoples. |}. T. Hooper and C. A 
Burland. Philosophical Library, New York 16, 1954 
168 pp. $7.50. 

Pharmakotherapie des Fiebers und der fieberhaften 
{ffektionen, R. Isenschmid, E. Glanzmann, H. Berger, 
and T. Gordonoff. Huber, Bern-Stuttgart, 1954. 360 pp 
DM. 29.80. 

Physical Methods of Organic Chemistry. vol. I, pt. II] 
of Technique of Organic Chemistry. Arnold Weiss- 
berger, Ed. Interscience, New York—London, rev. ed. 2, 
1954. 433 pp. $8.50. 

Structure of Molecules and Internal Rotation. San- 
Ichiro Mizushima. Physical Chemistry, a 
monographs. Eric Hutchinson, Ed. Academic 
New York 10, 1954. 244 pp. $6. 

Handbook of Textile Fibers. Milton Harris, Ed. Harris 
Research Laboratories, Washington 11, 1954. 356 pp. 
$12.50 

Table of the Gamma Function for Complex Argu- 
ments. Applied Mathematics ser. 34. Natl. Bur. of 
Standards, Washington 25, 1954 (Order from Supt 
of Dccuments, GPO, Washington 25). 105 pp. $2. 

Song of the Sky. Guy Murchic. Houghton Mifflin. Bos- 
ton, 1954. 438 pp. $5. 
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ve Meetings 


February 


17-19. American Acad. of Forensic Sciences, Los Angeles 
Calif. (W. J. R. Camp, 1853 Polk St., Chicago | 2. Ill! 

28-1. American Orthopsychiatric Assoc., 32nd 
Chicago, Ill. (Marion F. Langer, AOA, 1790 Bri 
New York 19. 

28-2. American Educational Research Assoc., St 
Mo. (F. W. Hubbard, 1201 16 St.. NW, Was! 
6, Dc. 


nnual, 
idway, 


March 


2-4, American Assoc. of University Professors, 
burg, Tenn. (R. E. Himstead, AAUP, 1785 
chusetts Ave., NW, Washington 6, D.C.) 

9. Chemical Inst. of Canada, Divisional Conf. of th 
Chemical Engineering Div., Ottawa, Ont. (W. M 
Campbell, Box 323. Deep River, Ont. 

11. American Soc. of Photogrammetry, Washington, 
D.C. (C. E. Palmer, 1000 11 St., NW, Washington ]. 
11. National Assoc. 
nual, Chicago, IIl A. 2. 
Bldg., Houston 2, Tex. 
11. American Cong. on Surveying and Mapping, 15th 
annual, Washington, D.C. (Walter S. Dix, Room 435 
Woodward Bldg., Washington 5. 

10-12. M. D. Anderson Symposium on 
Cancer Research, Houston, Tex Univ. of 
M. D. Anderson Hospital and Tumor Inst., Houston 

14. American Educational Research Assoc., Denver, Colo 
(F. W. Hubbard, 1201, 16 St., NW, Washington 6, 
DAG 

14. Wildlife Soc., Montreal, Canada. (D. L. Leedy, Fish 
and Wildlife Service, Washington 25, D.C. 

15-17. Electrical Utilization of Aluminum, Amet 
Inst. of Electrical Engineers, Pittsburgh, Pa. 
Hibshem, AIEE, 33 W. 39 St., New York 18. 

17-19. American Physical Soc., Baltimore, Md. (K. K 
Darrow, Columbia New York 27. 

17-19. International Symposium on Cardiovascular Su 
gery, Detroit, Mich. (John Keyes, Henry Ford Hos- 
pital, Detroit 2. 

17-19. National Wildlife Federation, Montreal, Canada 
C. H. Callison, 232 Carroll St., NW, Washington 12, 
Dt. 

17-2. 
Chile. 
DC. 

20-23. American Assoc 
cago, Ill. M. W. 

1, Md. 

Aero Medical Assoc., 26th annual, Washingto! 
D.C. (R. J. Benford, P. O. Box 1607, Washington 
24-26. National Science 
Ohio. (R. H. Carleton, 

ton, D.C. 

28-31. American Assoc. of Petroleum Geologists, 
York, N.Y. (E. H. Powers, Box 670, Fort Worth, J 

28-1. Western Metal Exposition, 9th, Los Angeles, ¢ 
W. H. 7301 Euclid Ave., Clevelan 
Ohio. 

31-2. Soc. of Research in Child Development, M 
cello, Ill. (C. B. Stendler, College of Education, 1 

Illinois, Urbana. 
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21-23. 


Teachers Assoc., Cincinnati, 


1201 16 St.. NW, Washing: 
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